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ye Abstract. The broadspectrum herbicide glyphosate (N-[phos- 
pphonomethyljelycine), an inhibitor of the shikimate pathway 
Enenzyme $-enolpyruvyl-shikimic acid-3-phosphate (EPSP)- 
py synthase, inhibits the growth of Aerobacter aerogenes 
Sand causes the excretion of shikimic acid-3-phosphate. A 
Beran of A. aerogenes, resistant to inhibition of growth by 
Fglyphosate, was isolated and found to have a glyphosate- 
Wminsensitive EPSP-synthase and to no longer excrete shikimic 
B<acid-3-phosphate in the presence of glyphosate. Partial 
. identity of EPSP-synthases from the glyphosate-sensitive and 
b “resistant 4. aerogenes strains was demonstrated by immu- 
- nological procedures. 


: Key words: Aerobacter aerogenes — Glyphosate — 5-Enol- 
pyruvyl-shikimic acid-3-phosphate synthase — Resistance 
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-© previous work has shown (Steioriicken and Amrhein 
- 1980; Amrhein et al. 1980, 1981, 1982; Hollander-Czytko and 
». Amrhein 1983), that the broadspectrum, non-selective her- 
bicide glyphosate (N-[phosphonomethyl]glycine) is a potent 
and specific competitive inhibitor of the shikimate pathway 
enzyme 5-enolpyrmvylshikimic acid-3-phosphate (EPSP) syn- 
thase (= 3-phosphoshikimate-1-carboxylvinyltransferase, 
EC 2.5,1.19) from bacteria and higher plants. It causes 
accumulation (in plants) or excretion (in bacteria) of large 
amounts of shikimic acid and/or shikimic acid-3-phosphate, 
one of the substrates of EPSP-synthase. The enzyme from 
Aerobacter aerogenes has been purified to homogeneity and 
: its interaction with glyphosate been studied in detail 
| (Steinriicken 1982; Steinriicken and Amrhein in prepara: 
tion}, Similar work with tbe EPSP-synthase activity of the 
g. purified pentafunctional arom multicnzyme complex from 
&. Neurospora crassa has been published (Boocock and Coggins 
, 1983); it confirmed that the inhibition by glyphosate is 
. competitive with respect to the EPSP-synthase substrate 
: phosphoenolpyruvate. Our hypothesis that growth inhibition 
: Of bacteria and cultured plant cells by glyphosate is due to the 
- inhibition of EPSP-synthase is supported by our recent 
E finding that A. aerogenes, as well as cultured cells of the higher 
* plant Corydalis sempervirens, which had developed 
b. ' glyphosate-tolerance during continuous cultivation in the 
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presence of high concentrations of glyphosate, possessed a 
greatly increased EPSP-synthase activity (Amrhein et al. 
1983}. Likewise, Rogers et al. (1983) have recently demon- 
strated that glyphosate-tolerant Escherichia coli can be ob- 
tained by increasing the gene dosage of EPSP-synthase. We 
now wish to report the isolation of a elyphosate-resistant 
strain of A. aerogenes, which has a plyphosate-insensitive 
EPSP-synthase activity. 


Materials and methods 


The source of the Aerobacter aerogenes (= Klebsiella pneu- 
monia} strain and its cultivation have been described pre- 
viously (Armorhein et al. 1983). The minimal medium was, 
however, supplemented with 0.25%, rather than 0.5% 
glucose. References to the extraction and assay of EPSP- 
synthase, as well as of shikimic acid and its 3-phosphate, are 
also given by Amrhein et al, (1983). EPSP-synthase from A. 
aerogenes, strain 62-1, was purified to apparent homogeneity 
following the protocol of Steinriicken (1982), and antisera 
against the enzyme were obtained from rabbits immunized 
according to Weilerand Zenk (1976) and used without further 
purification. Double-immunodiffusion (Ouchterlony 1949) 
Was Carried out on 2,6x 7.6cm microscopic slides covered 
with 0.8% agarose in 20mM Na-barbital buffer, pH 8.6, for 
24h at room temperature. 

For the selection of glyphosate-resistant 4. aerogenes, 
cells from the late logarithmic phase of growth (3.7 x 10° cells 
ml~*} were diluted 1:10° with minimal medium, and 0.1 mi of 
the diluted cell suspension was plated on 1.5% Difco Bacto 
apar in Petri dishes (8.5cm diameter) containing minimal 
medium, 0.25% glucose, and 5mM glyphosate, pH 6.0. 
Glyphosate was omitted from control plates. The plates were 
incubated for 20h at 36°C. 


Results and discussion 


Wild type Aerobacter aerogenes, in the absence of glyphosate, 
grow with a generation time of 57 min. Neither shikimic acid, 
nor its 3-phosphate, were delectable in the medium during the 
stationary phase of growth (Table 1). In the presence of 5mM 
glyphosate the onset of exponential growth was delayed and 
the generation time increased to 110 min. Shikimic acid-3- 
phosphate and, to lesser extent, free shikimic acid were found 
in the medium (Table 1). No measurable growth occurred 
when the bacteria were transferred to medium containing 
50 mM glyphosate. 
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Table 1. Growth parameters of 4. aerogenes strains, either sensitive 

or resistant to plyphosate, and excretion of shikimic acid (phos- 

phate). Bacteria were inoculated at an initial density of 3,7 = 10" cells 

m~  Shikimic acid (phosphate) concentrations in the media were 
termined in the early stationary phase of growth 








Addition Mean Concentration (1M) in medium 
to medium doubling ceuanenentimmeeneaiammmmmmnennenel 
time (min)  Shikimic acid Shikimic acid 
3-phoshate 
Sensitive strain 
None {control} 57 0 0 
$mM Glyphosate 110 122 779 


50mM Glyphosate no growth 
within 3 days 


not measured not messured 


Resistant strain 

None (control) 6} 
SmM Glyphosate 60 
50mM Glyphosate 60 
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ig. 1. a Effect of glyphosate on EPSP-synthase activities in crude 
extracts from wild type (O-——-O} or glyphosate-resistant 
(@-——-@) Aerobacter aerogenes, (100% = 70 pkat). Glyphosate 
was added to the incubation mixture without pre-incubation. LSD 
are given for 1 =8 from two separate experiments. b Effect of 
antiserum against purified glyphosate-sensitive EPSP-synthase from 
A. aerogenes, strain 62-1, on EPSP-synthase activities in crude 
extracts from wild type (O—~-O) or glyphosate-resistant 
(e——) A. aerogenes. Crude extracts (50 p1, containing 500 pkat 
EPSP-synthase activity) were mixed with 50p} antiserum, suitably 
difuted in 0.15 M NaCl, and incubated for 30 min at 4°C. Sarnples of 
10u1 of this mixture were then employed in the assay of EPSP- 
synthase. LSD are given for = 8 from two separate experiments 


As is evident from Fig.1a, EPSP-synthase in crude 
extracts from the wild type was inhibited by glyphosate (Is, 
~ 60M) in the same way as the enzyme from the previously 
used mutant 62-1 (Steinricken and Amrhein 1980), in which 
prephenate formation from chorismate and the utilization of 
anthranilate are blocked (Gibson and Gibson 1964), The 
precipitation lines of crude wild type extract and of purified 
EPSP-synthase from strain 62-1 which formed in the double- 
diffusion assay with an antiserum raised against EPSP- 
synthase from strain 62-1, were connected by smooth curves 
(Fig. 2) indicating an apparent structural identity of the 
EPSP-synthases from the two strains. Furthermore, the 
antiserum inhibited the EPSP-synthase in crude extracts of 
the wild type (Fig. 1b). About 50% inhibition were observed 
at a ratio of 4] antiserum per nkat EPSP-synthase activity. A 
pre-immune serum was neitber reactive in the double- 
diffusion, nor in the EPSP-synthase assay (data not shown). 








Fig. 2. Double-diffusion assay of EPSP-synthase preparations, The 
center well contained 61 of antiserum against purified EPSP- 
synthase from A. aerogenes strain 62-1. The peripheral wells 
contained J and 4 crude extract from glyphosate-resistant strain 
(i170 yg protein; 130 pkat); 2 and 5 crude extract from glyphosate 
sensitive strain (360ug protein; 234 pkat); 3 partially (1,000 x) 
purified EPSP-synthase from A. aerogenes, strain 62-1 (0.66 pg; 260 
pkat); 6 Blank, The enzyme solutions contained 200 mM Tris-HCl, 
pH 7.8, and 5mM mercaptoethanol in 251] total volume 


When wild type cells were diluted as outlined in Materials 
and methods and plated on agar, 370 colonies developed in 
the absence of glyphosate, while in the presence of 5mM 
glyphosate only a single colony formed within the 20h 
incubation period. This colony was transferred to liquid 
medium containing 5mM glyphosate and was routinely 
subcultured into this medium. EPSP-synthase activity in 
crude extracts from this strain was found to be insensitive to 
inhibition by glyphosate at concentrations up to 50mM 
(Fig. fa). The strain grew equally well in the absence or 
presence of 5 or 50 mM glyphosate with doubling times nearly 
identical to that of the parental strain growing in the absence 
of glyphosate, and did not release detectable amounts of 
either shikimic acid-3-phosphate or the free acid into the 
medium (Table 1). The resistant strain retained its character- 
istics through more than 100 generations of growth in the 
absence of glyphosate (data not shown). In the double- 
diffusion assay, a spur developed, when either wild type 
extract or purified EPSP-synthase and an extract from the 
resistant strain were placed in neighbouring wells (Fig. 2), 
indicating some change in the antigenic determinants of the 
resistant strain's EPSP-synthase. This conclusion is sup- 
ported by the finding that a ratio of a 12 p] antiserum per nkat 
EPSP-synthase activity was required to give 50% inhibition 
of the glyphosate-insensitive enzyme (Fig. 1b). 

We have shown that resistance to inhibition of growth by 
glyphosate in a strain of A. aerogenes can be related to the 
presence of a glyphosate-insensitive EPSP-synthase activity. 
The immunological data indicate that EPSP-synthases from 
the parental strain and from the resistant strain have similar, 
but not identical, antigenic determinants.. Work is in progress 
to determine the nature of the differences between the 
enzymes from these two sources. Previously, we have de- 
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jonstrated that A. aerogenes, adapted to growth in presence 
f5mM glyphosate, possessed a greatly increased level of 
PSP-syathase activity, which was still subject to inhibition 
y glyphosate (Amrhein et al. 1983). Thus, either a reduced 
x’ ished) affinity of glyphosate for EPSP-synthase, or an 
pp....if Overproduction of this enzyme can render 4. 
2rogenes insensitive to glyphosate. This is further and 
nequiyocal proof that growth inhibition by glyphosate is a 
msequence of the inhibition of EPSP-synthase. When the 
(periments described here had been completed, Comaiet al. 
983) reported on the isolation of glyphosate-resistant 
wants in Salmonella thyphimurium that map in the arod 
cus, which codes for EPSP-synthase. The mutant enzyme 
as less sensitive to glyphosate, and when introduced into 
Scherichia coli, the mutation conferred resistance to the 
erbicide. Unequivocal proof that the herbicidal activity of 
iyphosate is exclusively due to inhibition of EPSP-synthase 
mains to be established, but the evidence available from the 
udies with bacteria suggests that a plant possessing a 
‘yphosate-insensitive EPSP-synthase might well be resistant 
> the herbicide. 
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5-Enolpyruvylshikimate 3-Phosphate Synthase 
of Klebsiella pneumoniae Results in a Greatly Reduced 
Affinity for the Herbicide Glyphosate’ 
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The aroA gene of Klebsiella pneumoniae encoding 
the shikimate pathway enzyme 6-enolpyruvyishiki- 
mate 3-phosphate (EPSP) synthase, which Is the target 
of the herbicide glyphosate, was cloned and sequenced 
from both the wild-type and the glyphosate-resistant 
mutant K, pneumoniae Ki, which possesses a gly- 
phosate-insensitive EPSP synthase. Both genes were 
expressed in Escherichia coli and were capable of com- 
plementing an auxotrophic aroA routation, The trana- 
formed cells showed increased tolerance to glyphosate 
due to the overproduction of either the mutant or the 
wild type EPSP synthase, Nucleotide sequence analysis 
of the K. pneumoniae arcA gene indicated a protein- 
coding region of 427 amino acids with a derived M, for 
the EPSP synthase of 45,976. Comparison of the two 
aroA alleles showed a single base change resulting in a 
substitution of Gly-96 to Ala in the deduced amino acid 
sequence. By comparison with other known EPSP syn- 
thane sequences the mutation was shown to be located 
ina highly conserved region, indicating that this region 
is essential for the binding of the herbicide 
Riyphogate.  « s000 Academic Preas, Inc, 


RAL REPT YT Me PY EAA AH RPT Trier rRrrUN FWA rrr sntSierrrERPPRLusAsivttetiy 


5-Enolpyruvylshikimate 3-phosphate (EPSP)° syn- 
thase (= 3-phosphoshikimate 1-carboxyvinyltransfer- 
ase; EC 2.5.1,19) catalyzes the sixth step in the shiki- 
mate pathway, which is unique in bacteria, fungi, and 
plants, and leads to the biosynthesis of the aromatic 
amino acids and a multitude of other aromatic com: 
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* Abbreviation used; EPSP, §-enoipyruvylnhikimate s-phoxphate, 
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pounds. This enzyme has been shown to be the target of 
the widely used nonselective herbicide glyphosate (1); 
for review see (2). Work from several laboratories has 
shown two target-related mechanisms of glyphosate tol- 
erance: one mechanism involves overproduction of a gly- 
phosate-sensitive EPSP synthase, which confers gly- 
phosate tolerance to bacteria, plant cell cultures, and 
differentiated plants (3-5). In the second mechanism, 
glyphosate-tolerant EPSP synthases have been identi- 
fied in mutant strains of Salmonella typhimurium (6), 
Klebsiella pneumoniae (7), and Escherichia coli {8), as 
well as in various pseudomonads (9). The mutant EPSP 
synthase from the glyphosate-tolerant strain of K. pneu- 
montae (designated strain K1) has been characterized to 
some extent (10), Compared with the wild type enzyme, 
the mutant enzyme had increased K,, values for both 
substrates, i.e, shikimate 3-phosphate (4.3-fold in- 
crease) and phosphoenolpyruvate (16-fold increase), 
while the K; values for glyphosate were 1 7M and 8 mM, 
respectively (11). Furthermore, the mutant enzyme was 
more acidic (p/ 4.1) than the wild type enzyme (pl 4.6), 
and it was generally less stable (e.g., at increased tem- 
perature, during purification, etc.) (10). Similar differ- 
ences were reported for glyphosate-tolerant mutant 
EPSP synthases from E. coli and Petunia hybrida (2, 8), 
while it was claimed that the catalytic efficiency of the 
5. typhimurium mutant enzyme was not affected by the 
mutation (12). Replacement of Pro-101 in the S. typhi- 
murium enzyme by Ser was responsible for the 9-fold 
increased Ic for glyphosate (13). 

In this paper, we report the molecular basis for the 
glyphosate resistance of the EPSP synthase of K. pneu- 
moniae strain K1, We have constructed A gene banks of 


both K. pneumoniae wild type and K1 DNA and isolated 


aroA positive clones, The aroA genes were further sub- 
cloned in pBR322 to examine complementation of an 
aroA £. colt strain. The genes were sequenced and a 
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in vitro packaging of the ligation products the librariea 
contained 10° independent clones. Screening of approxi- 
mately 2000 plaques per library with the E&. colt probe 
resulted in the detection of a single positive clone in each 
library. The clones, DS31 (wild type) and DS21 (K1), 
were purified to homogeneity and the DNA was further 
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FIG. i. Restriction mapa of A clones, and strategy for the subcloning 
of oroA genes. Restriction maps of DS31 {derived from the glyphosate- 
sennitive wild type of K. pneumoniae} and of DS21 {derived from the 
givphosate-insensitive strain K1 of K. pneumoniae) are shown. pDS3t 
and pDS32 were constructed by inserting EcoR1) and Hindlll restric- 
tion fragmenta, respectively, of DS31 into pRRI22. Correspondingly, 
pDS2t and pDS22 were constructed from DS21. 


point mutation, which is responsible for the glyphosate- 
insensitive phenotype of the mutant, was identified. 


MATERIALS AND METHODS 


Materials. [a-*P} dATP waa purchased from Amersham-Buchler, 
Braunschweig. Restriction endonucleanes were obtained from 
Bethesda Research Loboratories. the A In vitro packaging kit “Giga- 
pack Plus” from Génofit, Heidelberg. Glyphosate (free acid, analytical 
grade) was the gift of Monsanto Ca, (St, Louis, MQ). Pharmacia, Frei- 
burg supplied 'T4 DNA lignuse, the *P sequencing kit, deuza “P se- 
quencing mixes, and the T7 sequencing kit. 

The K. pneumoniae atrains have been described previoualy (7). 2. 
coli DSKB ina isd” derivative of AB2829 (14), which was constructed 
vis Pl transduction (15) using E. coli LCKB (£. coli Genetic Stock 
Center, Yale University, New Haven, CT) as donor. 

E. coli K801 (16) was used as host for A cloning and JM103 (17) as 
host for M14 cloning. 

The }\ vector EMBL4 (18) was used to construct the gene banka 
from K. pneumoniae DNA, pBR322 (19) as vector for subcloning and 
expression of the aroA-genes, and the paired vectors Milimp18/19 
(20) were used for sequencing. The aroA gene from £. coli, located 
on a 2-kbp BamHI /Hind!ll fragment on plasmid pMONGOOE (3. G. 
Rogers, unpublished), the gift of Dr, S. G. Rogers, Monsanto Co., was 
used ns probe for identification of the Klebsiella aroA genet. 

Methods. High molecular weight DNA from K. pnreumonice was 

isolated according to {21} and plasmid and phage DNA according to 
{22}, DNA restriction and ligation and the lambda in vitro packaging 
were performed as recommended by the suppliers’ specifications. 
Transformation of E. coli with plasmid DNA was carried out according 
to protocol 3 (23). EPSP synthase activity was assayed in crude bacte- 
rial extracts an described in (24). M13-DNA sequencing (25) was care 
ried out with the ™P sequencing kit in combination with the deaza ™P 
sequencing mixes or with the T7 sequencing kit as recommended by 
Pharmacia. Electrophoresis was carried out on 6% palyacrylamide/8 
M ures Hnear or buffer gradient gels (0.4 X 20 X 40 cm). All other 
methods were used according to (22}. . 


RESULTS 


K. pneumoniae DNA was partially digested with 
EcoRI! and ligated into EMBL4. EcoRI was used for 
cloning because DNA digested with this enzyme showed 
a single hybridization signal of 9 kbp in Southern blots 
with the £. coli aroA gene isolated from pMON6001 as 
hybridization probe (data not shown). Therefore, the 
coroplete aroA gene was located on thia fragment. After 





characterized by restriction analysis (Fig. 1). 

The 9-kbp EcoRI and the 4.2-kbp Hindill fragments 
were subcloned into pBR322, generating pDS31 and 
pDS21 (EcoR]) and pDS32 and pDS22 (Hindlll), re- 
apectively (Fig. 1), and used to complement the aroA’, 
hsdR~ strain DSK8B. All transformants were able to grow 
on minimal medium and tolerated 10 mM glyphosate 
concentrations in the medium. The tolerance in DSK8/ 
pDS21 and DSK&/pDS22 was attributed to the expres- 
sion of the glyphosate-insensitive EPSP synthase while 
in DSK8/pDS31 and DSK8/pDS32 the tolerance was 
due to the overexpression of the sensitive enzyme (Table 
I). In comparable experiments, in which the aroA gene 
from &. coli was cloned into the multicopy plasmid 
pBR322 and expressed in £. coli, an increased tolerance 
to glyphosate due to a 17-fold overproduction of the 
EPSP synthase had previously been observed (4)). 

The overall strategy for nucleotide sequence analysis 
of the aroA gene of K. pneumoniae wild type is shown in 
Fig. 2. Both complementary strands were sequenced. 
Any region of ambiguity appearing in the dideoxy se- 
quencing gels was resequenced using either deaza se- 
quencing mixes or the T'7 sequencing kit until the nucle- 
otides in the respective region were resolved. The 
sequences were linked up using the computer program 
of Mount and Conrad (26). A similar strategy was em- 
ployed to sequence the K1 aroA gene locus. The com- 


TABLE! 


Activity of EPSP Synthase in the Absence and Presence 
of Glyphosate in Crude Extracts from the Bacterial 
Strains Used in This Study 











EPSP synthase activity 
Specific activity Activity in presence of 
(nkat/mg 5 mM glyphosate 
Extract protein} (% of control} 
K. pneumoniae 0.49 0 
wild type 
K. pneumoniae Kl 0.48 10% 
E. coli DSKS 0 — 
E. coli DSKB/pBR322 0 — 
E. coli DSK8/pDS31T 18.2 6 
E. coli DSK8B/pDS32 16.6 0 
E. coli DSK8/pDS21 FH i 96 
E. colt DSKB/pDS22 8 62" 93 





*The lower EPSP synthase activity extracted from transformants 
carrying the aroA gene coding for the glyphonnste-innennitive enzyme 
(pDS21/22) as compared to those carrying the wild-type allele is st- 
tributed to the increased instability of the mutant enzyme (10). 
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FIG. 2. Strategy for the sequence analysis of the aroA gene from K. 
pneumonioe. The sequence representing the coding region is indicated 
by the hatched box. Vertical bara represent restriction sites of the en- 
donucleases used; horizontal arrows indicate the direction and extent 
of sequence determination. 


plete nucleotide sequences along with the deduced 
amino acid sequences for the EPSP synthase are shown 
in Fig. 3. The putative amino acid sequence of the wild 
type enzyme is 427 codons in length with a M, of 45,976. 
This value is in fair agreement with the M, of 42,500 de- 
termined by SDS-polyaecrylamide gel electrophoresis 
(10). Comparison of the nucleotide sequences of the mu- 
tant and the wild type aroA alleles identified a single 
base substitution at position 287. This exchange of G to 
C resulted in a Gly-96 to Ala substitution in the derived 
amine acid sequence (Fig. 3). The glyphosate-insengitive 
phenotype of the K1 EPSP synthase must be attributed 
to this mutation, because no other base substitutions 
could be detected. 


DISCUSSION 


In this study, we have characterized the arvA alleles 
of K. pneumoniae wild type and the glyphosate-resistant 
strain K1, In sequencing the aroA gene, no promoter- 
like sequences upstream from the start codon were 
found. However, the last 100 bp of another open reading 
frame were detected (data not shown), which showed 
80% homology to the corresponding region of the serC 
gene from E. colt (27). These data indicate that the aroA 
gene of K, pneumoniae, like the corresponding genes of 
E. coli (27) and S. typhimurium (28), is located on a 
mixed function operon. This conclusion was supported 
by the observation that in another glyphosate-tolerant 
strain of K. pneumoniae, which overproduces EPSP syn- 
thase, the serC gene product 3-phosphoserine amino- 
transferase also had an increased activity (R. Pipke and 
N. Amrhein, unpublished). 

Gasser et al, (29) have recently constructed a phyloge- 
netic tree of EPSP synthases of bacterial, fungal, and 
plant origin based on the then known six sequences (two 
from each kingdom). The K. pneumoniae EPSP syn- 
thase amino acid sequence fits very well into this tree by 
showing 88% homology with the respective sequences of 
the closely related E. coli (30) and S. typhimurium (13), 








54% homology with the respective sequences of the 
higher plant enzymes (P, hybrida (29), Lycopersicon es- 
culentum (29), Arabidopsis thaliana (31)), and 44% ho- 
mology with the respective domain of the fungal arom 
complex (Saccharomyces cerevisiae (32), Aspergillus ni- 
dulans (33)). The relationship with the recently pub- 
lished sequence of the EPSP synthase of Bordetella per- 
tussts (34) presents, however, difficulties since thig 
sequence shares only 54% homology with the other 
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FIG. 3, The complete nucleotide sequence of the K. pneumoniae 
aroA gene and the deduced amino acid sequence of EPSP synthase. 
Nucleotides are numbered in the 5 to 2’ direction beginning with the 
first ATG triplet encoding the N-terminal methionine (nurnbers on 
the left}, Numbers of amino acid positions are given on the right. The 
mutation in the aliele af K. pneumoniae K1, which results in a glypho- 
aate-innensitive enzyme, is shown at nuclectide 287, The amino acid 


nulrtitution {Gly-96 to Ala) resulting from the mutation is indicated 
by the box, 
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known bacterial sequences, Amino acids which are con- 
served between all known sequences of EPSP synthases 
are distributed along the entire length of the peptide. As 
already pointed out by Gasser et al. (29), two regions 
with relatively long conserved stretches exist. These are 
amino acids 18 to 34 and 90 to 103 as numbered in the 
Klebsiella sequence. For both regions data are now avail- 
able concerning their possible function. Chemical modi- 
feration studies (35, 36) and site-directed mutagenesia 
(37) led to the suggestion that the first conserved region 
is involved in substrate and inhibitor binding and may 
be part of the active center of EPSP synthase. The sec- 
ond conserved region is of interest because a Pro-101 to 
Ser substitution in the EPSP synthase of S. typhimu- 
rium (13) or a Gly-96 to Ala substitution in the EPSP 
synthase of K, pneumoniae (this work) reduces the en- 
zyme's affinity to glyphosate. While this region appears 
to be essential for glyphosate binding to the enzyme, the 
available data do not allow a conclusion as to whether 
glyphosate binds directly to it. Affinity labeling of the 
binding site by a glyphosate analogue or derivative ap- 
pears not to be possible due to the stringent structural 
requirements for the compound to act as an inhibitor. 

Analysis of predicted secondary structures of this re- 
gion (38) in the wild-type and mutant K. pneumoniae 
EPSP synthases revealed that a f-turn at position 96 
is a likely structural element of the wild-type enzyme, 
whereas the substitution of Gly-96 to Ala would favor a 
continuous o-helix. However, only the elucidation of the 
three-dimensional structures of both enzymes will give 
a definitive answer. 
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Transgenic soybean plants have been pro- 
duced using an Agrobacterium-mediated 
gene transfer system. This procedure re- 
lied on a regeneration protocol in which 
shoot organogenesis was induced on coty- 
ledons of soybean genotypes selected for 
susceptibility to Agrobacterium. Cotyledon 
explants were inoculated with Agrobactert- 
um tumefaciens pTiT37-SE harboring 
pMON9749 (conferring kanamycin resist- 
ance and $-glucuronidase “GUS” activity) 
or pTiT37-SE::pMON894 (conferring 
kanamycin resistance and glyphosate tol- 
erance) and cultured on shoot induction 
medium containing kanamycin. Plantlets 
were tested for gene insertion 3~4 months 
post-inoculation. Approximately 6% of 
the shoots (8 plants to date) produced on 
the kanamycin-selected cotyledons were 
transgenic based on assays for GUS 
expression, kanamycin resistance or gly- 
phosate tolerance. Progeny from two of 
these plants demonstrated co-segregation 
of kanamycin resistance and either GUS 
expression or glyphosate tolerance in a 
3:1 ratio indicatixig a single insert inherit- 
ed in a Mendelian fashion. 


ecently field crop species such as tomato! ?, oil 

seed rape*, cotton! and flax* have been geneti- 

eally modified using Agrobacterium-mediated 

transformation. Soybean (Glycine max (L..) Merr,) 
is a good target for genetic improvement via plant trans- 
formation. As a source of oil and high-protein meal, 
soybean is grown on 34 million hectares in the United 
States and Brazil. In the United States alone the soybean 
crop value is estimated at 11 billion dollars. Only a few 
plant introductions have given rise to the major cultivars 
grown in the U.S., and this narrow germplasm base has 
limited soybean breeding. Modification of soybean using 
genetic engineering techniques would facilitate the rapid 
development of new varieties with traits such as herbicide 


resistance, disease resistance, or seed quality improvement 
in a manner unobtainable by traditional breeding meth- 
ods or tissue culture-induced variation, Genes have been 
transferred to soybean protoplasts by electroporation of 
free DNA’. However, regeneration technology for soy- 
bean has not progressed such that regenerated plants can 
be produced from protoplasts. Soybean shoot organogen- 


esis occurs from tissues such as cotyledonary nodes®-!° |’ 


and primary leaves"! of seedlings, while somatic embryo- 
genesis occurs from immature embryos and cotyle- 
dons!?-'6 of developing seeds. 

Agrobacterium-mediated transformation has been the 
best method available for DNA transfer to tissue explants. 
This method depends on the susceptibility of the target 
crop to Agrobacterium as well as the availability of a 
regeneration procedure in which Agrobacterium transfor- 
mation can be targeted to célls capable of regeneration, 
Soybean, although demonstrated to be a host for A. 
tumefaciens'7, is relatively resistant to infection compared 
to the crop species mentioned above, In order to produce 
soybean tumors of significant size, soybean cultivars and 
Agrobacierium strains have been screened in order to find 
the optimal compatible response!**!, Successful cransfor- 
mation of im vitro soybean leayes™, cotyledons!?, and 
protopiasts** has been demonstrated. 

We report here the production of transgenic soybean 
plants using Agrobacterium-mediated transformation. 
Three parameters were,critical in developing the soybean 
transformation protocol: (1) The use of cultivars suscepti- 
ble to Agrobacterium transformation (2) The development 
of a regeneration response from soybean cotyledons, and 
(3) The enrichment for transformed tissue by kanamycin 
selection. The B-glucuronidase gene, a histochemical 
marker for transformed cells", served as a rapid and 
accurate method of developing a transformation protocol 
for soybean. In addition, the expression of a petunia 
mutated 5-enolpyruvylshikimic acid 3-phosphate (EPSP) 
synthase gene which confers tolerance to glyphosate, the 
active ingredient in the herbicide Roundup®, is demon- 
strated in a transgenic soybean plant. These results are 
significant steps towarcls the development of transgenic 
soybean varieties with valued-added traits. 


RESULTS 7 

Regeneration of cotyledon explants. Soybean cotyle- 
dons can be used as an explant source for the efficient 
production and recovery of regenerated plants. Seventy 
to 100% of cotyledon explants cultured in BSBA medium 
produced numerous adventitious shoots at the proximal 
end of the cotyledon explant. These shoots did not result 
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from the growth of axillary buds on an already existing 
shoot, but were formed adjacent to one another in a de 
novo fashion within 3 weeks on the shoot induction 
medium (Fig. 1A, 1B). Adventious shoot formation Ne 
curred as long as the explants remained on the BsBA 
medium, and new shoots formed adjacent to the buse of 
previously initiated shoots. Shoots elongated over the next 
4 to 12 weeks following the transfer of the regenerating 
cotyledons to hormone-free BO medium. Elongated 
shoots were removed and placed on 1/2B;0 medium 
contained in glass vials or sterile plastic centrifuge tubes 
(Fig. IC). Roots formed readily on all shoots within 3 
weeks. Approximately 70% of the rooted shoots (plint- 
lets) continued to grow when transferred to pots contain- 
ing vermiculite, and 50% of these were capable of growing 
to maturity in the greenhouse after transfer to soil (Fig. 
1D). This regeneration protocol produced shoots on the 
cotyledons of all soybean genotypes tested. The depree of 
the regeneration respanse varied among the genotypes 
examined. 
Selection of soybean Benotypes for Agrobacterium- 
mediated transformation. One hundred soybean culti- 
vars, chosen for their relative genetic diversity, were 
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FIGURE T Regeneration of soybean plints from cotyledon 
explants. A. Adventitious shoots forming at the base of a 
cotyledon after 3 weeks in culture. B Free-hand section of the 
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screened for their in vitro response to A. tumefaciens- 
mediated transformation. Hypocotyls from all cultivars 
grew callus on MS NAA/K, so this medium was chosen for 
use in the screen for Agrobacterium susceptibility. The 
suscepubility response was determined by scoring the 
number of soybean hypocotyls which were capable of 
producing callus on MS NAA/K containing 100 mg |7! 
kanamycin after inoculation and co-culcure with A. dumefa- 
cients = pTiT37-SE™: ‘PMON273%, The construction 
pMON273, which contains a chimeric neomycin phospho- 
tiansferase IY (NPT 11) gene with the caulifower mosaic 
virus (CaMV) 35S promoter and the NOS 3° polyadenyla- 
lion signal, confers resistance to the antibiotic kanamycin, 
Hypocoty! explants transformed with A. tumefaciens 
pTiT37-SE:: pMON120°7 {a construction Which does not 
confer kanamycin resistance) never callused on the medi- 
um containing kanamycin. Callus which grew on kanamy: 
cin was positive for both nopaline producdon and NPT II 
activity, Seven soybean cultivars of the 100 screened were 
selected to be included in Table } jn order to show the 
range of cultivar response. The cultivars Maple Presto, 
Peking and Delmar were identified as the most responsive 
cultivars, and these cultivars were used in subsequent 
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same region as in (A) that shows the de novo inidation of 
mutiple shoot primordin. C. Plantlet. D. Fertile regenernted 
plant, 
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tritnsformiatjon experimenis. 

Agrobacterium-mediated transformation of cotyledon 
explants. Cotyledon explants did not clemonstrate effi- 
cient selection for kanamycin-resistant cullus as did the 
smaller hypocotyl explants. In order to determine the 
efficacy of Agrobacterium transformation of cotyledon ex- 
plants and to determine if transformation could be target- 
ed to the tissues competent to regenerate, the B-glucuron- 
idase (GUS) gene was used as a histochemical marker for 
transformed cells. The vector pMON9749 containing a 
chimeric GUS gene with a CaM[V 35S promoter and NOS 
3° polyadenylation signal was constructed for expression 
in plants (Fig. 2). The vector was integrated into the 
disarmed Ti plasmid A. tumefaciens pTiT37-SE. Soybean 
cotyledon explants were inoculated with A. tumefaciens 
pril37-SE:spMONS749 and assayed for GUS activity 
after 3 weeks of culture on BsBA medium containing 
kanamycin. Transformed cells were identified after the 
hydrolytic action of the GUS enzyme converted the sub- 
strate 5-bromo-4-chioro-3-indolyl glucuronide (X-Gluc) 
into an insoluble blue precipitate in the cell cytoplasm™, 
in free-hand sections of the cotyledons, multiple GUS- 
positive callus sectors were idenufied in callus associated 
with the excision wound site. Some of these GUS-positive 
callus sectors were observed in the regeneration compe- 
tent region adjacent to an incipient shoot primordium 
(Fig. 3A). The utility of the cotyledon explant in targeting 
Agrobacternum-mediated transformation to the regenerat- 
ing cell population was more clearly demonstrated when 
several GUS positive shoot primordia were found (Fig. 
3B). Similar shoot primordia and callus on cotyledons 
transformed with the pMON200* construct without the 
GUS gene did not react positively after the X-Gluc reac- 
lion (Fig. 3C). GUS analysis provided evidence for shoot 
transformation several months before plants could be 
analyzed and significantly accelerated the development of 
the cotyledon transformation protecol, 

Production of transgenic soybean plants. Kanamycin 
selection was beneficial in producing uansgenic soybean 
plants from cotyledon explants. Kanamycin (200~300 mg 
I"') severely restricted but did not always completely 
inhtbit callusing and regeneration from control cotyledon 
explints. However, kanamycin selection did enrich for the 
growth of transformed tissue in soybean cotyledon ex- 
plants. More GUS positive soybean callus was formed 
when cotyledon explants transformed with pMON9479 
were cultured on BsBA containing kanamycin than when 
cultured on medium without kanamycin (Fig. 4). The 
amount of CUS positive callus was indicative of the 
amount of callus transformed with pMON9749. This 
result was obtained in 4 repetitions using several soybean 
cultivars, and shows that the growth of cells transformed 
with pMON9749 became competitive with the growth of 
wildl type cells in the presence of kanamycin. 

Kanamycin selection was also beneficial in the recovery 
of transgenic soybean plantlets. In experiments in which 
soybean cotyledon explants were inoculated and co-cul- 
tured with Agrobacterium containing pMON9749 ar 
pMON894 (similar to p\f[ON273, but confers glyphosate 
tolerance in addition to kanamycin resistance; see Experi- 
mental Protocol), regenerating soybean planets were 
assayed for transformation in several ways. Plantlets from 
explants inoculated with <Agrobactertum containing 
pMON9749 were positive for NPT II activity and the 
abilicy of their leaf tissue to callus on MS19 containing 100 
mg I~! kanamycin in addition to expressing GUS (Fig. 5, 
Table 2). Plandets from explants inoculated with Agrobac- 
ferium containing pMON894 were positive for kanamycin 
resistance in a manner idenucal to pMON9749 plantlets, 
but also produced leaf tissue which callused in the pres- 
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FIGURE 2 Structure of pMONS749. pMf{ON9749 is an integrat- 
ing plant transformation vector in which the GUS gene is 
driven by the 358 promoter of cauliflower mosaic virus. 

MONS9749 was constructed as follows: A Hind LIMEco R} 
ragment of pRAJ260** containing the GUS coding sequence 
was inserted into Hind LL/Eco RI digested Bluescript KS+ 
(Stratagene, La Jolla, CA) resulting in pMON9948. The gene 
was remaved from pMON9948 on a Cla L/Eco RI fragment, 
and was inserted into pMONS31I674 that had been dipested 
witit the same enzymes. NOS-NPTI-NOS, a marker allowing 
for selection of kanamycin resistant plant cells; Tn7 Spee R, 
bacterial spectinomicin resistance pene from transposon Tn7; 
RB, the right border of the pTITS7 T-DNA; 358, the 35S 
promoter from the cauliflower mosaic virus; 3', the poly-(A) 
addition region of the nopaline synthase gene. 
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FIGURE 3 B-plucuronidase (GUS) histolocalization in free-hand 
sections of cotyledon explants 3 weeks after Agrobacterium 
transformation. A. GUS positive callus sector (GS) in cotyle- 
don transformed with pMON9749; sector position is adjacent 
to an incipicnt shoot primordium (arrow), B. Two GUS 
positive shoot primordia (arrows) produced by a cotyledon 
transformed wih pMON9749. C. Shoot primordium pro- 
duced by a contro! cotyledon inoculated with A. tumefaciens 
pTiT37-SE:: pMON200; no positive staining for GUS js pre- 
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ence of 1.0 glyphosate (Fig. 5). Transgenic soybean plant- 
lets were identifed in 6 separate experiments in which 
immediate kanamycin selection was utilized following 
Agrobactertum co-culture. Of 128 soybean plantlets pro- 
duced from kanamycin-selected soybean cotyledons, 8 
(6%) were identified as being transgenic (Table 2). This 
was not the case when cotyledons inoculated with A. 
tumefaciens pTIT37-SEtipMONQ749 were cultured on 
medium without kanamycin. One hundred shoots pro- 
duced independendy from 202 non-selected cotyledon 
explants did not yield a single transgenic planet. Trans- 
genic soybean plantlets were identified after a total time of 
3-4 months in culture. Of the initial 8 transgenics pro- 
duced, two plants are currently growing in a greenhouse 
and another two have set seed. All four of these plants are 
of the cultivar Peking. 

Expression of petunia mutant EPSP synthase cDNA in 
a transgenic soybean. Leaves of a transgenic soybean 
plant containing pMON894 had an EPSP synthase specific 
activity (nmol min”! mg protein™') of 30 while wild type 
leaves had a EPSP synthase specific activity of 7. In 
addition, the EPSP synthase activity of the transgenic 
plant was unaffected by the présence of 0.5 mM glypho- 
sate which completely inhibited the endogenous EPSP 
synthase activity in wild type leaves. The d-fold activity 
and glyphosate tolerance of the EPSP synthase enzyme 
found in the transgenic plant indicated expression of the 
chimeric petunia mutant EPSP synthase cDNA in 
pMONS94. The R; progeny of chis plant are currently 
being tested for their whole plant glyphosate tolerance in 
a spray assay in the greenhouse. " 

Analysis of transgenic progeny. Of 14 selfed R, proge- 
ny from a pMON9749 transgenic soybean plant, 11 co- 
segregated for GUS and NPT activity (Fig. 6). This is 
approximately a 3:1 segregation ratio indicating the pres- 
ence of a single T-DNA locus. Southern analysis con- 
firmed that these progeny plants contained the inserted 
DNA fragment necessary to confer these genetic traits. 
Southern hybridization was performed on 6 of the R; 
progeny to assay for the presence and copy number of 
pMON9749 T-DNA in the plants. Two of the progeny 
analyzed were negative for GUS and NPT UI, the other 
four were positive. Genomic DNA digested with Hind 11] 
was hybridized with a labeled pMON9749 probe. The 
four Ry plants that were enzyme positive showed strong 
hybridization with the probe at a level consistent with one 
or a few copies of the T-DNA (Fig. 7). All of the 
hybridizing plants showed the same pattern of putative T- 
DNA junction fragments indicating that there are no 
silent copies of the T-DNA segregating independently of 
the active copy. The junction fragment pattern is consist- 
ent with a single site of T-DNA insertion. This positive 
hybridization result and the correlation between enzyme 
activity and T-DNA in the Ry progeny are evidence that 
this pMON9749 transgenic soybean plant was generated 
by the expected Agrodacterium-mediated events. A 
p©MON894 plant also produced progeny which co-segre- 
gated in a 3:] ratio for kanamycin resistance and glypho- 
sate tolerance, 


DISCUSSION 

Transgenic soybean plants have been obtained within 
S~4 months by a procedure which uses Agrobacteriun- 
mediated DNA transfer, The transgenic nature of these 
Ro plants was confirmed by expression of introduced 
traits (GUS, NPT 1], and/or a mutated petunia EPSP 
synthase) in leaves and in progeny. Southern hybridiza- 
tion analysis of the progeny of one pMONQ794 plant 
showed segregation fur the expected DNA fragments. 
The development of the soybean transformation protocol 
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showing GUS ome callus sectors (arrows) in cotyledon 

on BsBA containing 300 mg Iv! kanamycin, 
B. Free-hand section showing GUS positive callus sectors 
(arrows) in cotyledon tissue produced on B;BA without kana- 
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FIGURE 5 Assays for the expression of introduced genes in 
transgenic soybean leaves. A. Positive GUS histochemical 
reaction at wounded regions of a leaflet transformed with 
pPMONO749. Poor substrate penetration limits GUS enzyme 
activity visualization to tissues immediately adjacent to a cut 
surface. B, A leaf piece from a pMON9749 transgenic plandet 
is callusing on MSI9 containing 100 mg Iv! kanamycin while 
nontransgenic leaf issue does not, C. The petri dish on the 
left shows a leaf from a transgenic pMON894 plant which is 
callusing on MSJ9 containing 1.0 mM glyphosate: the other 
two leaves without callus are from nentransgenic plantlets. 
The petri dish on the right shows the callusing response from 
leaves of the same pianilets on MS19 without glyphosate. 
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relied upon the yarimion of several parameters such as 
soybean cultivar, «| wrokacteriuat strain. explint source, ancl 
antibiotic selection. Evaluation of these parameters was 
facilitated by the use of the GUS histochemical marker, 
since the effect of different Lreitments could be assessed 
in usstres long before plantlets could be analyzed. 

The cultivars which were used in the soybean transfor- 
mation protocol were those determined to be most suscep- 
tible to Avrobacterium transformation. This was critical 
since soybean is a relatively poor host for Agrobacterium. 
Wang and co-workers reported that only 25% of nearly 
{000 soybean cultivars were susceptible to tumor induc- 
tion by Agrebactcrium'*, However, the transformation of 
soybean cells does not always result in the formation of a 
tumor*#, A screen to identify susceptible soybean geno- 
types was developed based on the ability of cultivars to 
produce kanamycin-resistant callus after Agrobacterium 
transformation. The A. tumefaciens strain A208 carrying 
the disarmed nopaline plasinid pTiT37-SE was the vector 
chosen for unis screen since A208 is highly virulent on 
soybuan®, The cultivars Delmar, Maple Presto and Pe- 
king produced significantly more kanamycin-resistant cal- 
lus than did other cultivars after transformation with A. 
tuacfaciens strain pTiT37-SE:: pMON273. The cultivar 
Peking had been previously identified as a genotype 
which was susceptible to Agrobacterium based on tumor 
formation’? *9, and this cultivar’s in vifro response to 
Agrobacterium correlated with Its iu vive response. 

The cotyledon regeneration system proved to be an 
excellent vehicle for the production of transgenic soybean 
plants. Shoot formation was rapid and prolific, and a large 
proportion of these shoots developed into fertile plants. 
In addition, this explant allowed Agrobacterium transfor- 
mation to be targeted. to regeneration competent tissue. 
Other regeneration systems for soybean (cotyledonary 
node", primary leaf, and immature embryo!?"!4) have 
nat yet been reported as yielding transgenic plants via 
Agrobactertum-mediated transformation. In these systems, 
Agrobacterium wrinsformation may be targeted to cells 
which do not readily regenerate. Transformation of pro- 
toplists eliminates the targeting problems associated with 
issue explants, and soybean protoplasts have been trans- 
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FIGURE 6 Dat blot showing NPT Hi activity in leaves of [4 RI 
progeny of t pMON9749 transgenic so) bean plant. Dots A~G 
are nontransgenic jeaves; I-i4 are leaves of progeny 1-14, 
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formed by ether Agrobacterium OT electroporation of 
free DNAS? Unfortunately, plant regeneration from 
soybean protoplasts is not yet possible. 

Kanamycin selection enriched for the transformed cell 
population. and facilitated the production of transgenic 
soybean shoots. Visualization of GUS in transformed cells 
clearly demonstrated that soybean cells transformed with 
pMON9749 grew better with kanamycin than without. 
This selection aided in the production of transgenic 
shoots by allowing transformed ceils to grow into tissues 
capable of initiating multicellular shoot primordia. Kana- 
mycin resistance has proven to be a nearly universal 
selectable marker for transformed plant cells since it has 
been effective in the transformation of plant species as 
diverse as oil seed rape}, lettuce??, and corn??, 

The genetic modification of soybean through biotech- 
nology has considerable agricultural value. Soybean is a 
major food source that is grown on more acres world-wide 
than any other dicotyledonous crop. The limited genetic 
base in domestic soybean cultivars has restricted the 
power of traditional breeding methods to develop varie- 
ues with Improved or value-added traits. The develop- 
ment of herbicide resistant soybean cultivars would pro- 
vide simpler and more effective weed control in soybean 
fields. The glyphosate resistant soybean plant produced 
using this soybean transformation protocol is an example 
of the speed in which new agronomic traits can now be 
introduced into soybean cultivars. 


EXPERIMENTAL PROTOCOL 

Regeneration, Soybean (Glycine max (L.) Merr.) seedlings were 
asepuically germinated 4—10 days on 0.8% Difco purified agar at 
25°C under a photoperiod of 16:8 (cool white Auorescent fight at 
40 pEn s“!). After washing in soapy water, rinsing in distilled 
water, and placing in 70% ethanol for 2 min; seeds were 
transferred to 50% Chlorox for 10~13 minutes followed by 
rinsing 3 times with sterile distilled water. Seeds were soaked in 
ma aqueous Captan solution for 1 hour before transfer to the 
germination medium. After germination, cotyledons were re- 
moved and placed adaxial side down on BsBA medium. BsBA 
mediutm is composed of Bs salts?!, 20 mg/l sucrose, 1.15 mg 17! 
benzyladenine (BA), and 8 gi~' Difco purified agar, at pH 3.8 
prior to aunoclaving. Cotyledon explants were transferred to B,0 
medium (identical to BsBA but Cheuk the BA) after 34 weeks, 
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respectively. Those progeny which were GUS positive are 
designated by an asterisk (*), 
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These and ail other cultured explants were maintained under tie 
same environmental conditions as the germinating seedlings. 
Cotsiedon explants producing shoots were subcujtured every 4 
weeks onto fresh B50 medium. Elongating shoots were removed 
and placed on 1/2B;0 mediurn thalf the major and minor salts of 
B;0 medium) in capped glass vials or in sterile 40 ml disposabic 
plastic centrifuge tubes. Planilets (rooted shools) were moved to 
vermiculite in 2” pots after several new leaves had been pro- 
duced. These planidets were then placed in a plastic container 
which the lid was gradually opened to harden them off prior io 
Sigel in the greenhouse. Plandets that had produced new 
eaves after hardening off were transplanted into soil and grown 
in the greenhouse for flowering and sced set. 

Bacterial strains. Inoculations were made with Agrobacterium 
tumefaciens strain A208 carrying cointegrates of a disarmed 
nopaline plasmid (pTiT37-SE* or derivatives) and the interme. 
diate plant transformation vectors pMON E2027, 200%7, 27 3e8, 
9749 (Fig, 2), and B94. The integrating plant transformation 
vector pMONS8$ contains a chimeric gene for kanamycin resist- 
ance similar to that in pMON273. It also includes a gene for 
gly phosate tolerance. This gene consists of a coding sequence for 
a mutant form of petunia EPSP synthase cDNA with a reduced 
afhnity for glyphosate which is driven by the CaMV 355 promot 
er with a duplication of the enhancer region (H. Klee and M 
Hayford, unpublished results). 

Cultivar screen, Soybean seeds of 100 different soybean culti- 
vars and plant introductions were aseptically germinated for 5 
day's on 0.8% Difco purified agar. Hy pocotyls were cut into5 mm 
sepments, and inoculated®> with A. nny Aare prit37-SEi: p- 
MON273, The hypocotyl segments were co-cultured with Ayro- 
bacterium for 2 days on 1/10 SH medium (1/10 the major and 
minor salts of SH) priar to being placed on MS NAA/K medium 
containing 500 mE a carbenicillin with or without 100 mg I7! 
kanamycin. MS NAA/K medium is composed of MS salts and 
organics** with 2.15 mg I~! kinctin and 4.68 mg {7} napthalene 
acetic atid (NAA). Each cultivar sample was represented by 20- 
40 segments. The hypocotyl segments remained on MS NAA/K 
for 4 weeks prior to scoring. The number of aoe which 
produced callus was counted as well as the number of indepen- 
dent calli per explant, : 

Cotyledon explant transformation. Cotyledon explants of soy- 
bean cultivars Delmar, Maple Presto, and Peking were prepared 
2s for regeneration. Trauslonmation with A. tionefaciens p TIT 37- 
SE? pMON9749 and pTiT37-SE!!pMONS9¢ was carried out as 
described for the hypocotyls in the cultivar screen. Inoculated 
cotyledons were cullured as described" for cotyledon repenera- 
tion, except that the BsBA medium comained 500 me |! 
carbenicilin and 100 mg 17! cefotaxime with or without 200-300 
mg I”! kanamycin. Elongated shoots were cultured in BO medi- 
um containing the same kanamycin concentration as the BSBA 
medium. 

Expression assays. B-glucttronidase (GUS) enzyme activity was 
located histochemically in unfixed free-hand sections as de- 
scribed by Jefferson™, After the histochemical reaction was 
complete, the sections were fixed in FAA (10% formalin, 3% 
glacial acetic acid,-42.5% ethanol) for] day and cleared in 70% 
ethanol, The presence of nopaline was assayed by paper electro- 
phoresis**. Neomycin phosphotransferase 11 (NPT 1) activity 
was determined by the dot blot procedure described by McDon- 
nell and co-workers*". Kanamycin resistance was assayed by the 
ability of leaf ussue to produce callus on MS19 medium contain- 
ing 500 mg I" carbenicillin, 100 mg 17! cefotaxime, and 100 m 
I~" kanamycin. MS19 medium is composed of MS salts an 
organics with 2 mg I~’ BA and 0.5 mg 17! NAA. Whole or cut 
leaflets were placed on the medium, and if callusing occurred 
within 4 weeks Ivaflets were scored as resistant. Nontranspenic 
leaf tissue Failed to callus on this medium. A similar phenotypic 
assay was performed for glyphosate resistance, except that 1.0 
mM glyphosate was included in the medium instead of the 
kanamycin, 

EPSP synthase activity assay. Fresh, young leaves (1 g wet wt) 
of soybean plants were quickly frozen in liquid nitrogen and 
macerated in 1 ml of extraction buffer (100 mM Tris-HCl. ] mM 
EDTA, 5 mM DTT, 5 mM sodium ascorbate. | mM benzamidine 
hydrochloride. 1 mg mi! bovine serum albumin. 10% glycerol, 
O.t ¢ ml7! polyvinyipyrrollidone (PVPP), pH 7 1) wih a mortar 
and pestle. The homogenate was centrifuged at 10,000x¢ Tor 1) 
mins at 4°C to remove cell debris. The ct Meee was passed 
through a Sephadex G-50 column equilibrated with a buffer 
similar to the extraction buffer but lacking PVPP. bovine serum 
albumin snd ascorbate. The filtrate from the column was usect 
for bath enzyme and protein analysis. EPSP synthase enzyme 
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TABLE } Callusing response of soybean hypocotyl segments 
after inoculation and co-culture with A. tumefaciens p TPT 37- 
SE i: pMON27S and subsequent culture on MS NAAIK 
containing 100 mg Im! 


Tatal Number Total 

Cultivar Number Callusing Number Calli 
Maple Presto 35 18 a2 
Peking 85 13 )9 
Delmar 36 10 1B 
PE 181537 35 a 7 id 
Cutler 7} 35 5 3 
Altona . 28 3 5 
Hartz 5370 . 4 0 0 


TABLE 2 Production of transgenic soybean piants from six 
experiments in which cotyledon explants were transformed 
with A, tumefaciens pTiT37-SE =: PMONQ749 or pTIT37-SE :: 

MON894 and immediately selected with 200 - 300 mg I7! 
‘anamycin, The regeneration response with kanamycin selec- 
lion is represented as the number of re enerating cotyledons 
over the total number of cotyledons cultured. Plantlets were 
designated transgenic by three different assays. Transgenic 

MON9749 goa had leaves which were positive in the GUS 
istochemical reaction and the NPT II dot blot in addition to 
producing callus on MS19 containing 100 mg I~" kanamycin, 
Transgente pMON894 plants had the same positive responses 
inthe NPT 1 dot blot and the kanamycin callusing assay, but 
also produced leaves which callused on M519 containing 1.0 
mA elyphosate, 


Number Number of Number 
Construct regenerating/Total = Plantlets transgenic 

5749 HAS 6 1* 
97-497 6/130 13 I 
97-49 18/88 § 2 

R94 1/242 35 1 

894 AH247 13 i* 

BN 1O4/G50 = 2 


* Progeny analysis described in text. 

+ ‘ nae 4 . 
This experiment utilized the cultivar Maple Presto, all other 

experiments shown utilized the cultivar Peking. 
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FIGURE 7 Southern hybridization analysis of soybean progeny. 
DNA was isolated from some of the progeny a ee in Figure 
6, digested with Hind IlL, separated by agarose gel electro- 
protest blotted to a nylon membrane and hybridized with 
abeled pMONQ749. Lane 1, nontransformed soybean DNA 
plus 250 pe of digested pMON9749; lane 2, nontransformed 
soybean DNA; lanes 3-8, soybean progeny 15,6,8,13, and [4, 
respectively. The arrow at the left indicates the position of an 
internal 2. kb pMONO749 fragment that contains the GUS 
coding sequence. The faintly hybridizing bands seen in lancs 
Sand § (GUS and NPT HL negative progeny) are die to 
contiuinaion by positive DNA in adjacent kanes. The varia« 
tions int hybridization intensity in the positive progeny (lunes 
1.5. 7 anc 3) are due iw unequal DNA luacliny. 
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ACUVEEY WAS asst ed using the HPLC radioassay described Drevi- 
oush*" Protein was determined by the method of Bradford)” 
EPSP syithiase activity is expressed as the specific acuvity, which 
isthe nmolof EPSP formed min”! ing protein”! in the extract. in 
order to cvahtte the leyel of EPSP synthase expressed from the 
EMSP sytulitse peace in pMONB894, cozyine assays were per- 
formed in the presence of 0.5 mM glyphosate. Under these 
conditions, the endogenous EPSP synthase activity was complete. 
ly inubked while the mutant EPSP synthase activity resulting 
from the gene in pMONS9d¢ was uninhibited, 

Southern hybridization analysis. DNA was prepared from 
soybean lea tissue essentiully by the method of Murray and 
Thompson*®. For Southern hybridization analysis. DNA was 
digested with Hind IIT and separated by agarose gel electropho- 
resis. The gel was treated with three volumes of 023 M HCl for 
iS mins. DNA frmements were transferred to x Zeta-Probe nylon 
membrane by capillary transfer with 04 Mf NaOH?!, The niem- 
brane was neutralized by washing in 2X SSC and then prehybri- 
dized by incubation for 4 ltrs at G0°C in a sohition containing 0.25 
NE sodium eae pH 7.2. 7% SDS, 1% bovine serum 
alburnin, and | m\f EDTA. For the hybridization probe, plasmid 
aoe was labeled with “P-dCTP by the method of Fein- 

ergand Vogelstein”. fybridization was performed for 20 hrs at 
GO"C tn Fresh solution of the same composition as for prehybridi- 
zation but containing also 10° dpm per mi of labeled pMON9749. 
Following hybridization, the membrane was washed twice at 
room temperature and twice at 60°C in 20 mM sodium phos- 
phate, pH 7.2, 1% SDS, 1 mif EDFA. Autoradiography was 
performed with an intensifying screen. 
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{57} ABSTRACT 


Enhanced resistance to glyphosate, an inhibitor of the 
aromatic amino acid biosvathesis pathway, is imparted 
to a glyphosate sensitive host. A mutated aroA gene is 
employed which expresses S-enolpyruvyl-3-phespho- 
shikimate syntherase (EC: 25 1.19) (ES-3-P synthetase) 

Methods are provided for obtuining the aroA mutation 
Which provides the enzyme resistant to inhibition by 
glyphosate, means for introducing the structural gene 
into 2 sensitive host, as well as providing # methad of 
Producing the enryme. 

The £& coli strain C600(pPMG 1) has been deposited at 
the A.T.C.C. on Dee. 14, 1982 and been given AT... 
accession no. 39256. 
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INHIBITION RESISTANT 
$ENOLPYRUVYL-3-PHOSPHOSHIKIMATE 
SYNTHETASE, PRODUCTION AND USE 


BACKGROUND OF THE INVENTION 


I. Field of the Invention 

Hybrid DNA technology provides new opportunities 
for preparing a wide variety of nove] compounds hav- 
ing enhanced or unique properties. Cellular life is de- 
pendent upon the ability to perform enzyme reactions 
which provide energy for the cell and produce compo- 
nents essenual to the cell's viability. Where a number of 
cells coexist in relative proximity, it has been frequently 
of interest to be able to select for one group of cells xs 
against the other group of cells. This mode of selection 
has found extensive use in hybrid DNA technology in 
selecting for transformants and transductants. 

For the most part, antibiotic resistance has been em- 
ployed as a marker which is introduced into the cell in 
conjunction with one or more other structural genes of 
interest, There are numerous other situations, where 
one is interested in selecting for cells, where e group of 
cells is undesired. Coming within such categories are 
such diverse situations as oncogenesis, where ont 
Wishes to selectively destroy tumor cells, in the use of 
herbicides, where one withes to select for a crop plant 
as against a weed, and in therapy against pathogens, 
where one wishes to destroy an invading microorgan- 
ism while having minimal effect on the host. The oppor- 
tunity to introduce DNA in a form where it can express 
enhanced resistance to a biocidal agent permits one to 
use enhanced amounts of the biocidal reagents while 
protecting the host against any detrimental effect from 
the biocide or biostat. . 

In those situations, where protection is afforded by 
producing an enzyme which is insensitive to the biocide 
or can destroy the biocide, the mutated gene affords a 
new product whith can have s wide variety of useful 
properties. Enzymes can be used as Ixbels, particularly 
in diagnostic assays, for the production of products. in 
assaying for substrates and inhibitors, purification, and 
the like. The ability to modify an enzyme's specificity 
can allow for the catalysis of reactions otherwise not 
available to the enryme, enhanced activity of the en- 
zyme, or enhanced selectivity of the enzyme. 

2. Brief Description of the Prior Art 

Hollander and Amrheim, Plant Physiol (1980) 
66:823~-829; Amrheim et al. ibid. (1980) 66:330-834 and 
Steinruecken and Armrheim, Biochem Biophys Res. 
Comm. (1980) 94:1207+1212, report the biochemical 
characterization of « target site for glyphosate. This site 
was identified es a step of the shikimic acid pathway 
present in plants and bacteria in providing the precursor 
to aromatic amino acids. 


SUMMARY OF THE INVENTION 


Novel DNA sequences and constructs are provided 
which can be used for expression of an enzyme in the 
shikimic acid pathway, which enzyme hes reduced 
sensitivity 0 glyphosate. The sequences and constructs 
can be used for producing the enzyme, which finds LSe 
in a wide variety of applications as a Isbel in assays and 
in the production of its normal product and in providing 
protection toa cellular host from glyphosate. A method 
is provided for producing the mutated enzyme. 


20 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 


in accordance with the subject invention. DNA $2- 
quences are provided which express a glyphosate resis- 
tant enzyme in the shikimie acid metabolic pathway, 
particularly the enzyme which catalyzes the conversion 
of phosphoenoipyrovate and >-phosphoshikimue acid to 
S-enolpyruvy)-3-phosphoshikimic acid. The enzyine is 
S-enolpyruvyl-3-phosphoshikimate syntheiase (EC: 
2.5.1.39) (hereinafter referred to ay “ES-7-P synthe» 
tase”). The structural gene expresses an enzyme which 
is strongly resistant to glyphosate (N-phosphonomethy} 
glycine), so that the enzyme is active in the presence of 
Sgnficant smounts of glyphosate and can impart gly 
phosate resistance to a glyphosate tensitive cel! in 
which the structural gene can be expressed. DNA con- 
structs are provided which include the structural gene 
sequence for expression of the glyphosate resistant ES- 
3-P synthetase, which constructs may be introduced 
into a variety of hosts in a variety of ways and depend- 
ing upon the nature of the construct and the host, may 
be present as an episomal element or integrated inte the 
host chromosome. 

The structural) gene providing the glyphosate resis 
tant ES-3-P synthetase can be obtained as 8 mutation in 
the aroA gene of a glyphosate sensitive host. The host 
thay be mutagenized in « variety of ways, either physi- 
cally or chemically, and routants selected by their gly. 
phosate resistance. In addition, mutants may be further 
selected by cotransduction with RIDA, SO as to change 
en aroA anxotroph to prototrophy, 

The mutagenized glyphosaze resistant hozts are mut- 
agenized a second time and selected at a higher level of 
glyphosate resistance, as well at the sbility to cotrans- 
duce to change an aroA~ host to aroA.+, The resultant 
glyphosate resistant hosts are then used to produce s 
genomic bank, where the intect structure! gene may be 
obtained on fragments of 25 Kb or less. Initially, the 
genomic bank must be introduced into an appropriate 
host, ko that glyphosate resistance may be selected and 
the genomic fragment excised from the episomal ele- 
ment for further genetic manipulation to provide for a 
fragment less than about 5.5 Kb containing the intact 
structural gene for ES-3-P synthetse. 

Once the fragment has been isolated, the fragment or 
portions of the fragment may then be used as probes for 
selecting for structural genes providing for Blyphosate 
resistant ES-3-P synthetase The structural] genes of 
interest will be on fragments of Jess than about $ Kb, 
preferably less than about 2 Kb and will include at Jeet 
a portion of the aroA structural gene, usually the entire 
aroA structural gene The fragment will be able to com- 
plement a wide variety of aroA mutations, transferring 
prototrophy to aroA auxotrophs. The DNA sequence 
may come from cither prokaryotes or eukaryotes. Hlus- 
trative prokaryotes and eukaryotes include bacteria 
such as Salmonella and Escherichia. fungi, such as As- 
pergillus and yeast, plants, algac. such as grten and 
blue-green algae. ctc., particularly cells which are gly- 
phosate sensitive. 

The DNA sequence containing the structural gene 
expressing the glyphosate resistant ES-3-P synthetase 
faay be joined to a witle variety of other DNA sequen: 
ces for introduction into an appropriate host cell. The 
companion sequence will depend upon the nature of the 
host, the manner of introduction of the DNA sequence 
into the host, and whether episomal maintenance or 
integration is desrred 
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For prokaryotic hosts, a wide variety of vectors exist 
which may be used for introduction of the DNA se 
quence into & prokaryotic host. DNA sequences include 
a wide vanety of plasmids, such 2s pBR322, pA- 
CYCI84, pMB9, pRK290, etc; cosmids, such as 
pVK.100, or by transduction, using 2 virus, ¢.g. P22. ete. 

For eukaryotic hosts, a wide variery of techniques 
may be employed for DNA introduction into the host, 
such as transformation with Ca*+-precipitated bare 
DNA, a plasmid or 2 minichromosome, which DNA 
can be replicated and the structural gene expressed in 
the host, or introduction into the host as the structural 
gene and flanking regions by direct insertion, e.g. mi- 
cropipette, whereby the DNA may be integrated into 
the host genome. Alternatively, episomal elements may 
be employed, such as tumor inducing plasmids, ¢.g., Ti, 
Ri or fragments thereof or viruses, e.g., CaMV, TMV 
or fragments thereof, which are not letha! to the host, 
and where the structural gene is present in such epi- 
somal elements in a manner allowing for expression of 
the structura] gene. Particalarly of interest are frag- 
ments having the replication function and lacking other 
functions such as oncogenesis, virulence, etc. 

The first stage of the subject invention is the develop- 
ment of a DNA sequence which is capable of expressing 
a glyphosate resistant protein which is capable of Fulfill- 
ing the function of ES-3-P synthetase. An appropriate 
host is employed which is glyphosate sensitive, can be 
grown tn vitro, and has the capability of expressing the 
ES-3-P synthetase structural gene to provide the de- 
sired enzyme. It is not necessary that the host which is 
ultimately to be provided with glyphosate resistance be 
the same as the host which is mutagenized. As already 
indicated, the glyphosate resistance may be provided as 
a result of having a stable episomal element or by a 
recombination event resulting in integration of the 
structural gene coding for the glyphosate resistant ES- 
3-P synthetase. Either prokaryotic or eukaryotic hosts 
may be employed for the mutagenesis, the host being 
chosen based on its glyphosate resistance, ease of selec- 
tion, efficiency of growth, and utility of the mutage- 
nized structural gene for use in the ultimate host. 

Conveniently, mutagenesis may be achieved by 2 
wide variety of conventional techniques. either physical 
or chemical. Chemical mutagenic agents include ethy! 
methanesulfonate, diazo reagents, eg. N-nitroso. N- 
methyl glycine, psoralens, etc. Physical mutagenic 
agents include ultraviolet light, X-rays. ete. 

Since the parent cell is glyphosate sensitive, selection 
can be carried out by selecting for glyphosate resis- 
tance. Giyphosate resistance may be as » result of 2 
number of different types of changes in the cel! and in 
order to ensure that the mutagen provides an enzyme 
which is glyphosate resistant. it is necessary to establish 
that the mutation has occurred in the aroA gene. This 
can be achieved by employing cotransduction to an 
arcA auxotroph and selecting for glyphosate resistance 
and arpA*. 

Cotransduction can be achieved with a wide vanery 
of viruses (including phage) which are capable of trans- 
ferring DNA from the genome of the host to another 
host in which the virus is temperate. In this manner, one 
Can transduce @ second host, employ an appropriate 
lysate, and select for the transduced host with glypho- 
sate resistance, as well as aroA prototrophy. The result- 
ing modified cells may now be Miulagenized again or as 
many additional times as desired, repeating the transfers 
and selecting for conunuously enhanced glyphosate 
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resistance. Desirably, a host should be capable of multi- 
plying in the presence of at least about 0.5 mg/ml of 
glyphosate. preferably in the presence of about | mg/m} 
glyphosate and even more preferred in the presence of 
at Jexst 1.5 mg/m! glyphosate in a nutrient medium 
without the presence of aromatic amino acid in the 
nutrient medium. 

When the desired level of glyphosate resistance has 
been achieved, the mutagenized aroA locus may be 
isolated and cloned. Depending upon the choice of 
restriction enzyme, either partial or complete digestion 
will be employed. Alternatively, one could initially 
isolate the gene from a genomic Hbrary by subcloning 
employing aroA complementation. The gene couid 
then be mutagenized as described above or by in vitro 
mutagenesis, changing one or more codons. The mut- 
agenized gene may then be excised and gene fragments 
isolated. 

The resulting fragments may then be cloned employ- 
ing an appropriate cloning vector. Cloning can be car- 
fied out in an appropriate unicellular microorganism, 
©.g. a bacterium such as & coli Desirably, one may use 
x cosmid, where partial or complete digestion provides 
fragments having about the desired size. For example, 
the cosmid pVK100 may be partially digested with 
Bgitl and may be ligated to the fragments resulting 
from a Sau3A digestion of the genome of a glyphosate 
resistant cel), Packaging will insure that only fragments 
of the desired size will be packaged and transduced into 
the host organism. 

The host organism may be selected for glyphosate 
resistance and/or aroA+. The recipient strains may be 
modified to provide for appropriate genetic traits which 
allow for selection of transductants, In microorgenisros, 
the transductants may be used for conjugation to other 
microorganisms, using a mobilizing plasmid as required. 
Various techniques may then be used for reducing the 
size of the fragment containing the structural gene for 
the glyphosate resistant ES.3-P synthetase. For exam- 
ple, the cosmid vector may be isolated, cleaved with 2 
variety of restriction endonucleases, e.g. Bgl, Hind! 
et cetera, and the resulting fragments cloned in an ap- 
propriate vector, conveniently the cosmid vector previ- 
ously used. A fragment of less than about §.5 Kb, usu- 
ally less than about 5 Kb, conveniently less than 2 Kb. 
can be cloned and provide for aroA complementation 
and the glyphosate resistant ES-3-P synthetase. 

The enzyme may be produced from any convenient 
source, either prokaryotic or eukaryotic. Where secre. 
tion is not obtained, the enzyme may be isolated by 
lysing the cells and isolating the ES-3-P synthetase 
according to known ways. Useful ways include chro- 
matography, electrophoresis, affinity chromatography, 
or the like. Conveniently, N-phasphonomethy! glycine 
insy be conjugated through an appropriate functional- 
ity, &g,, the carboxyl group to an insoluble support and 
used as a packing for the isolation of the ES-3-P synthe. 
tase. The purified enzyme can be used in a wide variety 
of ways. It may be used directly in assays for phospho- 
enolpyruvate, i-phosphoshikimie acid and for glypho- 
sate. Alternatively, the subject enzyme can find use asa 
label in diagnostic assays. by being conjugated to an 
analyte of interest, e.g. a hapten or antigen, as such 
assays are described in U.S. Pat. Nes. 3,817,837: 
3,654.090 and 3,850,752. The methods of conjugation, as 
well as the determination of the concentration of an 
analyte are described in extensive detail in these patents, 
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and the appropriate portions of the disclosure are incor- TABLE !-continued 
porated herein by reference, Saoeanlen 

The DNA sequence encoding for the glyphosate : ERE 
resistant ES-3-P synthetase may be used in a variety of Sanaa lacing a bivistvese 
ways. The DNA sequence may be used as 2 Probe FOr Fm mew enteinnen mee a —- 
isolation of wild type or mutated ES-3-P synthetase. CTFS leona a EMS x a ee 
Alternatively, the DNA sequence may be used for inte- CT BoA +. Ping PIICTFY/ 
gration by recombination into 2 host to provide for the EMS + Al, this work 
production by the host of glyphosate resisunce. E colt 

With plant cells, the structural gene may be intro- 10 pte rons ae 4 Bachmanné 
duced into a plant cell nucleus by micropipeus injection skan serBi2. 2i)-202TaI0 §. apron 
for integration by recombination into the bost genome. AB2E9 aroA hadR-« B. Bechmaan 
Alternatively, temperate viruses may be sara di into — = — : 4 Bachmans 
which the structural gene may be introduced for intro- L Bachmann 
duction into a plant host. Where the structural gene has 15 LOK MGR 23-2022 TiO pane x WABI 
been obtained from 2 source beving regulatory signals LC} BoA hGRZ 2j-202-TnlO PILCKS x JESS. 
which are not recognized by the plant host, it may be this work 
hecessary to introduce the appropriate regulatory sig- LC2 aroA BIR 2i-202=Tald caper’ % ABI32}, 
nals for expression, Where & virus or piesmid ¢.¢. rumor ee 
inducing Linen is employed and has been mapped, a 20 a Sere See Rae ee ANS co. nee: 
restriction site can be chosen whichis downstream from —sNS42s ‘ 
2 promoter into which the structural gene may be ine —-NS433 é 


Serted at the appropriate distance from the promoter. 
Where the DNA sequences have not been sequenced, 
One can chew back for various times with a exonucle- 
ase. such 2s Bal3] or restrict. Methods for introducing 
viruses and plasmids into plants are amply described in 
the literature (Matzke and Chilton, J. of Molecular and 
Applied Genetics (1981) 1:39~49,) 

By modifying plants with glyphosate resistant ES-3-P 
synthetase, one can use glyphosate as a herbicide with z 
wide variety of crops at concentrations which ensures 
the substantially complete er complete removal of 
_ weeds, while leaving the crop relatively unaffected. In 
this manner, substantial economies can be achieved in 
that fertilizers may be more efficiently utilized, and the 
detrimental effects resulting from the presence of weeds 
avoided. 

The glyphosate resistant mutated ES-3-P synthrizse 
will have a Ky which is at least about 30 fold greater 
than the wild type enzyme from the host. The specific 
activity at 28° C. at concentrations of from about 1-10 
umes K,, for 3-phosphoshikimic acid will be al least 
about twice for the mutated synthetase as compared to 
the enzyme from the original strain. At a concentration 
of 10x Km of 3-phosphoshikimate and 5x 10~3M gly- 
phosphate, the inhibition of the mutated synthetase will 
be Jess than half, preferably Jess than 2 quarter of the 
inhibition of the synthetase from the Ofiginal strain. 

The following examples are offered by way of ilhus- 
tration and not by way of limitation. 


EXPERIMENTAL 


Materials and Methods 


Media end Bacterial Strains 
The besteris! strains used are listed in Table } 


TABLE } 
Bacterial Stra 
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*Nighickn 1 ai. Commies (F347) 56: 361-1581, 
Gotieb wt al, J. Beck Chem. (1987) 162: STI598. 

£ wwii Geaauc Stockh Camer. Dep of Hunan Cesetict, ¥ ale Unsere. 
my. New 


Hewes, Cemmetticet. 
“Excroiet, L. dk H. Sarrabery. Marth, Earysuod., 1979, 29}-298 [Academ. Pr. NY) 


Selection and Testing for Glyphosate Resistance 

Glyphosate was added to M9 medium after autoclav- 
ing. For selection experiments, a commercial solution of 
Blyphosate was used. Resistant mutants were isolated 
by plating bacteria} suspensions in M9 broth or on M9 
solid medium supplemented with varying amount of 
glyphosate. The level of resisunce echieved by the 
mutants was scored by three types of tests: s spot test, 
consisting of toothpicking a smal) colony from a non- 
selective to a selective medium: a streak lest, Consisting 
of streaking cells on a selective plate to obtain single 
colonies; and growth curves, to determine the kinetict 
of growth in liquid medium supplemented with Blypho- 
sate, 

DNA Transformation and Transduction of Packaged 
Caosmid DNA 

DNA transformation was performed according to 
Mandel and Higa, J. Mol. Bial. { 1970) 53:159-.162. Com- 
petent cells were stored at —70" C. in 1590 glycerol. 
Cells for transduction of packaged cosmid DNA were 
grown to late log phase in I ml of LB broth supple- 
mented with 0.4% maltose Cells were pelleted and 
resuspended in Q.! ml of 10 mM MgSO, to which was 
added 20-100 y) of & packaped cosmid ; 
Phage particles were allowed to absorb to cells for 20 
min. at 37° C Transductants were allowed to express 
for one hour at 37° C. with seration in 2 mi} of LB broth 
and subsequently plated on selective medium. Using 
either type of packaging extract, 2x 305 cosmids/pe of 
insert DNA were routinely obtained. Biotec prepara- 
ons were rated at 10° phages/pg of ligated native 
lambda DNA while the subject extrmets were Tated at 


Peruacnt genotypes 6 107, 
Deugnaven phenotype Origin/reterence Enzyme Preparation and Assay for ES-3-P Synthe- 

A pyphrmer tase 
were 5S. typhimurium strains CT? and STK) were grown 
TAB3) atoA +. hisFéas Armes with aeration for 24 hours at 37° C in M9 broth. Cells 
.\ aroA! : 65 were harvested by centrifugation at 4* C., washed twice 
a sea , with M9 salts, resuspended in 0.01M Tris-HC! (pH 8.2) 
STK! AIDA + PLITTARS] » Al. end sheared with 8 French press at 20,000 psi. The 
thas work homogenate was centrifuged at 16,000 g for 40 min end 
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the supernarent treated with 2% protamine sulfate (1.0 
mal of 29 protamine sulfare for every 35 mg of protein). 
The precipitate was removed by centrifugation at 
18,000% g for 35 min, resuspended and used for entyme 
assays. Activity of the enzyme was determined by mea- 
suring the rate of telense of inorganic phosphate (Hei- 
nonen and Labti, Anal. Biochem. (1981) 1£3:313-317). 

A typical assay mixture contained 150 pumole maleic 
acid buffer (pH 5.6), 2.88 pmole phosphoenolpyruvate, 
4.08 zmole 3-phosphoshikimate and the enzyme frac- 
tion in a total volume of 1.5 mi. The reaction was started 
by addition of the enzyme after pre-incubstion of the 
assay mixture at 37° C. for $ min. Aliquots were taken at 
timed intervals and mixed immediately with the rea- 
gents for phosphate analysis. The low pH of the reagent 
(125N H2SO,4) terminated enzyme activity. 

RESULTS 

lenletinn af Giyphoxate Resistant Mutants Mapping 
in the eroA Lacus ; 

& pphimurium strain TA83) did not form colonies 
on solid M9 medium containing more than 200 pg/ml! of 
glyphosate. For initial selection the concentration of 
350 pg/ml for screening glyphosate resistant mutants 
was chosen. Spontaneous mutants appeared at a fre- 
quency of $x 10~§ per cell olatad. In none of ten inde- 
pendent mutants tested did glyphosate resistance co- 
transduce with aroA. 

To improve the chances of finding aroA mutants, 
chemical mutagenesis was employed, 25 well as an en- 
mchment step in which glyphosate resistant mutants 
mapping in aroA were selected on 35.0 pe/m! glypho- 
Sate by cotransduction. After mutagenesis of & typhi- 
murium strain TA831 with ethyl metbanesulfonate, the 
frequency of glyphosate resistant mutants was 1x 104 
per cell plated. Two groups of 10,000 mutants Criginat- 
ing from independent mutagenesis experiments were 
used 16 prepare a mixed lysate of P22. This was then 
used to transduce S. typhimurium strain Al. Cells were 
plated on M9 medium and M9 plus glyphosate. The 
number of colonies appearing on glyphosate plates was 
one hundredth of those appearing on M9 alone. None 
(< 1079) appeared when a phage lysate from unmutage- 
nized strain TA831 was used. Ten Blyphosate resistant 
mutants were tested and all cotransduced with aroA. 
These results suggest that sbout 19% of all mutations 
conferring glyphosate resistance mapped close to, or in. 
#toA. One of the mutants was chosen for further char- 
acterization and was designated strain CTF3. By 2 spot 
test it was resistant to 350 pg/ml of Blyphosate. A sec- 
ond cycle of mutagenesis wes carried out on strain 
CTF) to obtain a higher level of resistance to giypho- 
sate. Ten cultures were treated with ethyl methenesul- 
fonate, and plated on } mg/ml of glyphosate. Resistant 
colonies appeared with a frequency of 10~¢ per ceil 
plated Ten thousand mutants were Bgzin pooled for 
each mutagenesis group and lysates prepared from each 
Poo! used to transduce strain Al. Transductants were 
stlected on M9 and M3-supplemented with | mg/ml 
glyphosate. Selection for aroA+ gave }0~5 transduc- 
tants per cell plated. Selection for sroA +, glyphosate 
resistant cells gave a transduction frequency of 10-? In 
fifteen of twenty transductants tested. glyphosate resis. 
tance cotransdutced with aroA. From these results it 
was deduced that approximately }9c10—! mutations 
obtained in the mutagenesis of strain CTE3 mapped 
Close, or in, the aroA locus. The phenotype expressed 
by these mutants js Gesignated Pmg’. No significant 
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difference in resistance levels was detected among fif- 
teen separate mutants. All formed caloanies in 48 hours 
when streaked on M9 medium containing 2 mg/mi of 
Biyphosate. Mutant CTT was chosen for further charac. 
terization. Png’ in this strain cotransduced 97-995 of 
the time with aroA}, aroA!26 and arnA248. 

Mechanisms of Glyphosate Resistance 

Resistance to glyphosate mediated by a mutation(s) at 
the aroA locus could result from altered regutation 
leading to overproduction of 5-enolpyruvyl-3-phospho- 
shikimate synthetase or to a structural alteration of the 
cnazyme. To distinguish between these two hypotheses, 
in vitro enzyme preparations were assayed from Saimo- 
nella strains STK! and CT? which are the wild type 
and mutant strain respectively. 2-Enolpyruvyl-3-phas- 
phoshikimate syntherase activities from wild type and 
glyphosate resistant mutants differed by Km for 3-phos- 


phosbikimate, Ky for glyphosate. and at high concentra 
ton of 3-phoaphoshikimatc, by specific acovity. These 


results are summarized in Table 2. 
TABLE 3¢ 
Speafie sctivey* 
3-P -thikimate. 
Souree®é 34x 107" 3% 10) shiximate gtypheuse 
STK} O&7F xe 10-* Lex 1 yaw wet 22 x IO~5 
oy Bix w-* 39K 107% 2a x 1-2 = 19% IDA 


*Earying ptepsrinome were obiuend as deicnhed um Materials aad Methods, 
Phocphowsctpyruvae wr 29 x HOT! MM in all suays 

Pie tsa. ~! ag protean”! 

"Cadts of Lime witd type. STIR asd of the gtyphowurs commtnet euitant, CT? were 
frown ix anchored sede tc ensty auuecmery phase, 


The above assays were performed on enzyme prepa» 
rations obtained from cells grown in minimal medium. 
To determine whether the enzyme of the glyphosate 
resistance mutant was differentially regulated during 
glyphosate induced stress. STK, the wild type, and 
CT7, the mutant, were grown in minimal medium suip- 
plemented, respectively, with 70 HB/m) and 1000 
ug/ml of glyphosate. These conditions give approxi- 
mately 20-30% growth inhibition. The specific activity 
of preparations from cells grown in the presence of 
glyphosate was 10% higher than thet found in preparo- 
tions from cells grown without glyphosate. This in- 
crease in activity was exhibited both by STK) and CT? 
ruling out that in the glyphosate resistant mutant, the 
enzyme would be overproduced in response to glypho- 
sate, 

The growth kinetics of both 5S. yphimurium and £ 
coli strains with wild type and mutent eroA locus were 
investigated. {n minimal medium strains of either genus 
harboring the aroA-Pmgp’ allele only exhibited a 15% 
lower growth rate than the isogenic line harboring 
tither the wild type allele, or both wild type and Pr 
alicles. At 100 pp/ml glyphosate, wild type £. coli 
showed 40% inhibition of prowth rate. At one mg/tmi 
glyphosate, no growth was observed. The aroA E. coli 
strain LCJ harboring pPMG1 (10 be described subse. 
quently) was not significantly inhibited at 2000 itg/m) 
of glyphosate. 

Cloning of the sroA and aroA Prig’ Locus 

Chromosomal DNA from strain CT? was partially 
digested with the restriction endonuciesse SaujA. 
pYK100, a low copy number. 23 Kb cosmid vector 
(Knauf and Nester, Plasmid { 1982) 8:45-54}, was par- 
tially digested with Bglll to avoid excision of the COS 
site which is on a Bell] fragrnent. Equal amounts of 
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vector and insert DNA were mixed, ligated. and pack- 
aged in lambda capsids as described in Methods. Analy- 
sis of random transductants from the bank revealed that 
60% of them harbored cosmid DNA of the expected 
size (45 Kb), consisting of the vector pVK.100 and an 
average chromosomal insert of 20-25 Kb. To isolate the 
aroA-Pmg” gene E coli aroA mutants were comple- 
mented. Due to the presence of Salmonellz DNA the 
bank did not transduce hsdR + strains of E coli Three 
£. coli strains were consuructed which were both sroA 
and hsdR. For this purpose strain SK472, in which 
2j202::Tn lO is linked to hsdR+, was used. By trans- 
ducing zjj202::InJO in strain WA802 and selecting for 
tetracycline resistant, serine auxotrophic, restriction 
deficient recombinants, 2jj202:Tn10 was linked to the 
hsdR2 allele, This was introduced into three different 
aroA. mutants by selection for Tn}0. The three new 
Strains denved from JF568, AB1321 and AB2829 were. 
respectively, designated LCI, 1.02 and LC3. LC3 was 
chosen for further experiments since it had the lowest 
aroA + reversion rate. After transduction of the Salmo- 
nelis CT? DNA bank into strain LC3, 500 kanamycin 
resistant transductants were screened for growth on 
minimal medium. Two aroA-+ clones were found. 
When tested for glyphosate resistance they were found 
tO be as resistant as strain CT?. Plasmid DNA was 
isolated from these clones and both harbored a 45 Kb 
cosmid which by preliminary restriction endonuclesse 
analysis were found to be similar. One of the two plas- 
mids (pPMG1) was chosen for further characterization. 

When introduced by wransformation into the appro- 
priate £. coli strains, pPMG1 complemented all eroA 
mutations tested (see Table I); in addition, it conferred 
glyphosate resistance to al? strains into Which it was 
introduced, either aroA or RIGA +. By conjugation, 
using pPRE2013 (lca er aL, PNAS USA (1980) 
77:7347~7351) as a mobilizing factor, pPPMG] wes intro- 
duced into S. yphimurium strains Al, A124 and A}48 
where it conferred an aroA + Pmg’ phenotype. Enzy- 
matic characterization of aroA+ EF. coli transformants 
confirmed the phenotypic response, since ES-3-P syne 
thetase actwity in these strains was indistinguishable 
from that in strain CTT. It was concluded that the 
aroA-Pmg’ gene was cloned. The wild type aroA allele 
was also cloned using 2 similar protocol. Two cosmids 
were isolated from a bank of STK] DNA. They carried 
a common region of epproximately 10 Kb and were 
designated pAROA) and pAROA2. 

To subclone the sroA-Pmg* gene, plasmid pPMG} 
was digested with the restriction endonuclease Belli. 
Three insert fragments were found that were 10, 9.6 and 
1.6 Kb in size, respectively. Plasmid PPMGI was di- 
gested to completion with Bell, gated in vitro and the 
DNA transformed into strain LC2 selecting for aroA 
complementation. Clones were screened and plasmids 
containing the 10 Kb Belly fragtnent in both orienta- 
tons relative to the vector PVK100 were identified. 
Plasmids pPMGS5 and pPMG6 complemented aroA £ 
coli strains and conferred high Jevels of glyphosate resis- 
tance. Further subcloning was accomplished by digest- 
ing plasmid pPMGS5 with Bgitl and Hind!) and ligat- 
ing in vitro. Strain LCZ was transformed and colonies 
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which were aroA + and kanamycin sensitive were ga. 
lected. Analysis of plasmids contained in these clones 
showed a 5.5 Kb Bgill/HindIfl! Salmoneiig DNA seg. 
ment that complements aroA © coli strains and confers 
high levels of glyphosate resistance (approx. 2 mg/ml). 
This plasmid was designated pPMGIL. An el ho- 
resis gel indicated that plawnids pPMG1, PPMGS and 
pPMGT} as well xs pAROA! (a Plasmid containing the 
wild type Salmonella aroA 4- allele) all contain the 5.5 
Kb Bgllt/Hindit] DNA segment 

In accordance with the subject invention, herbicidal! 
resistance can be imparted to a sensitive host to provide 
for enbanced protection of the ceils of the host. In addi- 
Hon, mutant enzymes can be produced which can find 
utiliry in a wide variery of situations involving enzymes 
as labels, for the measurement of various compounds, as 
well as for the production of products, where the ex- 
zyme may be free of inhibition from contaminants 
which inhibit or interfere with the enzyme catalyzed 
fraction. In addition, DNA sequences are provided 
which can be used for probing both wild type and mu- 
tated genes expressing ES-3-P synthetase. Furthermore, 
& method is provided demonstrating » technique for 
mutanng an enzyme in order to modify a selectable 
property and obtaining penes expressing such an en- 
ryme. 

Although the foregoing invention has been described 
in tome detail by way of illostration and example for 
purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
within the scope of the appended claims. 


What is claimed is: 
ing essentially of cells 


l. A culture of cells 
containing glyphosate resistant S-enolpytuvyl-3-phos- — 
at least one mutation 


phoahikimare synimetase having 
originsting fromm in vitro mutation in the aro locus for 
the structural gene capressing said synthetase, wherein 
glyphosate inhibition of raid Synthetase containing said 
mutation is less then about one-half of the synthetase of 
the original strain prior to mutation. 

2. A edhure of cells according to claim 2, wherein 
said structural gene is on an epiromal element. 

3. A culture of celts according to claim 2, wherein 
said cells are prokaryotic, 

4. A DNA sequence of Jess than § Kb having a struc- 
tural gene coding for a glyphosate resistant S-enolpyra- 
vyl-3-phosphoshikimate synthetase. 

5. A DNA sequence according to claim 4, having o 
mutabon originaung from in vitro mutation, wherein 
glyphosate inhibition of said synthetase contuining raid 
foutanon is fess than about one-half of the synthetase of 
the crigmal strain prior to mutation. 

6 A DNA sequence according to claim 5, wherein 
sud synthetase is mutated prokarvotic gynthatess 

? A DNA construct comprising a DNA sequence 
according to claim 4 and a replication sysiem capable of 
replication in a cellular host. 

B A DNA construct according to claim 7, wherein 
said rephcation system 1s recogrzed by a prokaryotic 
hast. 
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are pending in the appiicatton.. 
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(TP aes ee have been cancelled. 
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ET) hes a ttt A are stowed. 


4, (A Claims | ~ +t 4 ane) 5 QO. 5 =) pre rejected, 
5. [} Claims 


g. x Claims oo eee ate subject to restriction or election requirement, 
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are objected to. 
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EFFECT DRAWING CHANGES", PTO-1474. 
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Gearial No. 022405 = 


art Unit 185 


The Group and/or Art Unit location of your 
application in the PTO has changed, To aid in corre- 
lating any papers for this application, ail further 
correspondence regarding this application should be 
directed to Group art Unit 185. 

Restriction to one of the following inventions is 
required under 35 U.S.C. 121; 

tT. Claims 1-48 and so-52, drawn to chimerie genes, 
hybrid plasmids containing said genes, cyonobacteria 
containing said plasmids as insecticidal compositions, 
eLassified in Class 435, subclass 172.3. 

TI. Claim 49, drawn to a method of controlling 
mosquitoes, classified in Class 424, subclass 92. 

The inventions are distinct, each from the other, 
because of the following reasons: 

Inventions I and If are related as product and pro- 
cess of use. 

The inventions are distinet if either (1) the pro- 
cess for using the product as claimed can be practiced 
with another and materially aifferent product, or (2) 
the product as claimed can be used in a materially ‘dat- 
ferent process of using the product. MP EP g06.05(h)- 

In this case, the product as claimed can be used in 
a materially different process such aS a method to prom 
Guce the 130 kDa peptide in highly purified form, 

Because these inventions are distinct for the 


reasons given above and have acquired a separate status 


in the art as shown by their recognized @ivergent sub- 


Case 1:04-cv-00305-SLR Document 264-4 


Sarial No. 023.405 


Art Unit 185 


Filed 02/01/2006 


ject mater restriction for examination purposes as indi- 


cated is proper. 


During a telephone conversation with Mr. McCleod on 


June 2, 1988 4 provisional election was 


made with tra- 


verse to prosecute the invention of I, claims 1-48 and 


BO-52. Affirmation of this election must pe made by 


applicant in responding to this office action. Claim 49 


withdrawn from further consideration by 
being drawn to a nonelected invention. 


1.142{bd). 


the examiner a5 


See 37 CFR 


Applicant should submit 4 completed form PTO-1449, 


nist of Prior Art Cited by Applicant,” 


along with 


copies of all prior art Known to applicant in order to 


comply with 37 CFR 1.56, 


The following is a quotation of the first paragraph 


of 35 U.S.C. Ll2: 


The specification shall contain a written descrip~ 
tion of the invention, and of the manner and pro~ 
cess of making and using it, in such full, clear, 
concise, and exact terms as to enable any person 
skilled in the art to which it pertains, OF with 


which it is most nearly connected, 
the same and shall set forth the be 
templated by the inventor of carryl 
invention. 


to imake and use 
st mode con- 
ng out his 


The specification is objected to under 35 U.S.C. 


112, first paragraph, as failing to prov 
written description of the invention and 


vide an enabling disclosure. 


ide an adeguate 


failing to pro- 


The invention appears to employ a novel microorya- 
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nism expressing the Bf8 gene. [In view of the nature of 
the biological material, it is unclear if the written 
deseription is sufficiently repeatable to avoid the 
need of a deposit, Further, it is unclear if the writ- 
ten description alone is suificient to provide an 
enabling disclosure because it is unknown if the 
starting materials were readily available to the public 
at the time of the invention. 

It appears that deposit of plasmids pMU388, pIBNiU, 
pBIK1188 and pBTI1188 was made in this application as 
filed as noted on page 22 in the specification. It is 
deemed that deposit of plasmid pRBC4 is also required in 
order to satisfy the enablement requirements of 35 usc 
112, first paragraph. 

tn order for a deposit to meet all of the criteria 
set forth in MPEP 608,01(p)c, applicant or applicant's 
representative may provide assurance Of compliance with 
the requirements of 35 USC 112, first paragraph, in the 
form o£ a declaration averring that: 

{a} during the pendency of this application, 

access to the invention will be afforded to the 

Commissioner upon request; 

{b) the ail restrictions upon the availability 

to the public will be irrevocably removed upon 


granting or the patent; and 


{c} that the deposit will be permanentiy main- 


tained in public depository for a period of 30 
years or 5 years after the last request or for 
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the effective life of the patent, whichever is 
longer. 


The specification tacks enablement with regard to 
claims drawn to a chimeric yene capable of being 
expressed in Cyanobacteria, a hybrid vector carrying 
said chimeric gene, a Cyanobacterium transformed with 
caid chimeric gene and said vector and qn insecticidal 
composition comprised of an insect controlling amount of 
transformed Cyanobacterium. No evidence is presented in 
the specification that the DNA constructs are expressed 
in transformed Synechocystis 6803 or that such transfor~ 
mants can be effectively used aS an insecticidal com 
position. No evidence is presented in the specification 


that the chimeric gene comprising a promoter operably 


linked to a fusion of a DNA fragment encoding a Bacillus 


insecticidal protein and a DNA tragment such as Reo 
coding for an enzyme capable of serving aS a selectable 
matter in cyanobacteria results in the expression of a 
fusion protein having these activities. 

Claims 1-48 and 50-52 are rejected under 35 U.S.C. 
112, first paragraph, for the reasons set forth in the 
above objection to the specification. 

Claims 1-48 and 50-51 are rejected under 35 U.S.C. 
112, second paragraph, as peing indefinite for failing 
to particularly point out and distinctly claim the sub-~ 


ject matter which applicant regards as the invention. 
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Claims 1, 16 and 33 are vague and indefinite with 
regard to the organization of the elements comprising 
the claimed chimeric gene. A more clear recitation of 
the apparently intended concept would be to define how 
the claimed elements are operably linked for effective 
expression. 

Claims 50 and 51 are vague and indefinite in the 
recitation of "transformed Cyanobacteria and their pro- 
geny" because it is not clear with what the claimed 
Cyanobacteria are transformed. 

Claim 1 is confusing in the recitation of “a pro- 
tein having substantial sequence homology thereto," 
pecause DNA, not the encoded protein, would exhibit 
homology to the claimed DNA fragment. 

Claims 1-48 and 50-51 are rejected under 35 U.S.C. 
112, first paragraph, as the disclosure is enabling only 
for claims limited in accordance with the as filed spe- 
cification. See MPEP 706,.03(n) and 706.03(z). 

Undue experimentation would be required to practice 
the invention as claimed drawn broadly to any chimeric 
gene capable of being expressed in any Cyanobacterium 
comprising any promoter and a DNA fragment encoding any 
insectici dally active protein produced by a Bacillus 
strain or said DNA fragment fused to & DNA sequence 


encoding any enzyme capable of being expressed in 
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Cyanobacteria and permitting identification of transfor— 
mants; any hybrid vector carrying said chimeric gene; 
any Cyanobacterium transformed with said chimeric gene 
and an insecticidal composition etfective in controlling 
any insect comprised of an insect controlling amount ot 
any transformed Cyanobacteria. Undue experimentation 
would be required due to the Lack of working examples 
and guidance in the specification, unpredictability 1n 
the art, breadth of the claims and amount of experimen~ 
tation required Ex parte Forman (230 USPQ 546). 
Experimentation that would be required to practice 
the invention as claimed includes cloning and testing of 
presumptive promoter sequences, cloning of genes 
encoding insecticidal proteins produced py Bacillus, 
sequencing of said genes and fusing said genes to pro- 
moter sequences, development of transformation protocois 
for the Cyanobacteria encompassed by the claims, etc. 
it is uncertain that any gene encoding an insecticidal 
protein produced by Bacillus will be expressed in any 
Cyanobacterium due to differences in codon usage, insta- 
pility of mRNA oF protein product, lethality of the pro~ 
tein product, etc. tt is uncertain that any gene 
encoding an insecticidal protein produced by Bacillus 
will be expressed in any Cyanobacteriul at sutficiently 


high levels that the transformed Cyanobacterium can be 
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used as an insecticidal composition. The claims encom- 
pass a DNA fragment encoding any insecticidally active 
truncated form of the protein or a sequence having 
substantial homology thereto. However, the speciftica- 
tion provides no guidance as to whe to truncate OF 
introduce mutations into the diverse DNA fragments 
encompassed by the claim. The claims encompass any DNA 
fragment ancoding an enzyme which can be used to iden~ 
ELEY Cyanobacteria transformants fused to the DNA 
fragment encoding the insecticidally active protein. 
However, no guidance is provided as to how to fuse the 
many different DNA sequences encompassed by the claimed, 
The hybrid protein may not be active due to improper 
Folding of the expressed product, precipitation in Vivo, 
etc. 

The following is 2 quotation of 35 U.S.C. 103 which 
forms the basis for all ebviousness rejections set forth 
in this Office action: 

A patent may not be obtained though the invention 
$s not identically disclosed or deseribed as set 


forth in section 102 of this title, if the dif— 
ferences between the subject matter sought to be 


made. 


Subject matter developed by another person, which 
qualifies as prior art only under subsection (1) 
and {g) of seetion 102 of this titie, shall not 
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preclude patentability under this section where the 

subject matter and the claimed invention were, at 

the time the invention was made, owned by the same 
person or subject to an obligation of assignment to 
the same person. 

Claims 1-6, 16-21, 33~38, 47-48 and 52 are rejected 
under 35 U.S.C. 103 as being unpatentable over 
Dzelzkalns et al (R) in view of Sekar (S) or Sekar et al 
(T) and Ganesan et al (U). 

Dzelzkains et al teach a chimeric gene capable or 
being expressed in Cyanobacteria composed of a DNA 
fragment comprising a promoter region which is eftrective 
for expression of a DNA fragment in Cyanobacteria 
operably linked to the structural gene encoding 
chloramphenicol acetyl transferase (CAT). Dezelzkains 
et al further teach a hybrid vector carrying said chi- 
meric gene and the cyanobacterium Anacystis transformed 
with said chimeric gene. 

The chimeric gene, vector and transformed host of 
Dzelzkalns et al @iffer form that claimed in the instant 
application in that applicants claim a chimeric gene in 
which the structural gene encodes a protein which is 
produced by Bacillus thuringiensis, B.t var israelensis, 
or B. sphaericus. However, Sekar or Sekar et al and 
Ganesan et al teach genes encoding insecticidally active 
proteins produced by Bacillus. Thus, in the absence of 


unexpected results, it would have been obvious to one of 
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ordinary skill in the art at the time the invention was 
made to substitute the gene(s) taught by the secondary 
references for the CAT structural gene of the constructs 
of Dzelzkalns et al in order to obtain expression of 
these Bacillus genes in transformed cyanobacteria. 
Accordingly, the invention as a whole was prima facie 
obvious in the absence of unexpected results. 

Claims 7, 22 and 39 rejected under 35 U.S.C, 103 as 
being unpatentable over Dzelzkalns et al (R) an view of 
Sekar (8S) or Sekar et al (fT) and Ganesan et al (U) as 
applied to claims 1-6, 16-21, 33-38, 47-48 and 52 above, 
and further in view of Friedberg et al (as admitted in 
specification, page 18, lines 18-21) or Miller et al 
(s'). 

Friedberg et al teach that the lambda Py, promoter 
induces expression in cyanobacteria. Accordingly, it 
would have been obvious to one of ordinary skill at the 
time the invention was made to substitute the Py, pro- 
moter for the functionally equivalent promoter taught by 
Dzelzkains et al in order to obtain expression of the 
Bacillus gene encoding insecticidally active proteins 2n 
transformed cyanobacteria. 

Claims 8-9, 23-24 and 40-41 rejected under 395 
U.S.C, 103 as being unpatentable over Dzelzkalns et al 


(R) in view of Sekar (S) or Sekar et al (T} and Ganes@n 


Case 1:04-cv-00305-SLR Document 264-4 ~~ Filed 02/01/2006 Page 5/7 of 72 


Serial No. 623405 ~L1l~ 


Art Unit 1B5 


et al (0) as applied to claims 1-6, 16-21, 33-38, 47~48 
and 52 above, and further in view of Nierzwicki-Bauer et 
al {R') and Nierzwicki-Baver et al (S8'). 

Wierzgwicki-Bauer et al (R‘ and S'} teach the 
rubisco operon of Anabaena including the nucleotide 
sequence of its promoter, Accordingly, it would have 
been obvious to one of ordinary skill in the art at the 
time the invention was made to substitute the DNA 
Sequence from the Anabaena rubisco operon comprising its 
promoter, or the equivalent sequence cloned by DNA 
hybridization from the closely related Synechocyst’ is 
using methods well known in the art at the time the 
invention was made, for the funetionally equivalent pro~ 
moter taught by Dzelzkalins et al. nm order to obtain 
expression of the Bacillus genes encoding insectaicidally 
active proteins in transformed cyanobacteria. 

Claims 10-14, 25+29 and 42-46 are rejected under 35 
U.S.C. 103 as being unpatentable over Dzelzkalns et al 
{(R) in view of Sekar {S) or Sekar et al (T) and Ganesan 
et al (U) as applied to claims 1-6, 16-21, 33~38, 47-48 
and 52 above, and further in view of Chauvat et al (T") 
ang Reiss et al (U'). 

Chauvat et al teach that the gene encoding neomycin 
phosphotransferase (neo) can be used as a selectable 


maker in Synechocystis transformations, Reiss et al 
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teach that proper fusion of neo to a heterologous gene 
will result in a fusion protein product that has Neo 
activity. Accordingly, in the absence of unexpected 
results, at the time the invention was made, it would 
have been obvious to one of ordinary skill in the art to 
fuse the Bacillus genes encoding the insecticidal pro- 
tein to the neo gene in order to obtain a fusion protein 
which serves aS a selectable marker in cyanobacteria and 
has insecticidal activity. 

Claims 30~32 rejected under 35 U.S.C. 103 as being 
unpatentable over Dzelzkalns et al {R) in view of Sekar 
(S) or Sekar et al (T) and Ganesan et al (U) as applied 
to claims 1-6, 16-21, 33-38, 47-48 and 52 above, and 
further in view of Kolowsky et al (R''). 

Kolowsky et al teach plasmid constructions designed 
for the transformation of Synechoccus by homologous 
recombination. The plasmids contain a bacterial repli-~ 
cation allowing growth and isolation from hecterial 
hosts. The plasmids carry a chromosomic fragment of 
cyanobacterial DNA within which is placed a foreign DNA 
sequence. The foreign DNA sequence is made resident on 
the cyanobacterial chromosome by a homologous recom 
bination event. Accordingly, it would have been obvious 


to one of ordinary skill at the time the invention was 


made to place the chimeric gene within a cyanobacterial 
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chromosomal DNA sequence in order to introduce said gene 
into the cyanobacterial chromosome by a homologous 
recombination event. 

Claims 50-51 rejected under 35 U.S.C. 103 as being 
unpatentable over Dzelzkalns et al (R) in view of Sekar 
(S) or Sekar et al (T) and Ganeson et al (U) as applied 
to claims 1-6, 16-21, 33-38, 47-48 and 52 above, and 
further in view of Barnes et al {A}. 

Branes et al teach use of cellular hosts as a pesti- 
cidal composition. A heterologous gene encoding a 
Bacillus insecticidal protein is introduced into a 
cellular host where sai Nis expressed and within which 
said protein accumulates. The recombinant host cells 
are then used as a pesticidal composition. Accordingly, 
it would have been obvious to one of ordinary skill at 
the time the invention was made to use the transformed 
cyanobacterial cells in which the Bacillus insecticidal 
protein had accumulated, as a pesticidal composition as 
taught by Barnes et al. 

Applicants are requested to make it of record as to 
whether the Ph.D. thesis of Chanun Angsuthanasombat 
{page 22) is prior art to the claimed invention of the 
instant application. 

Any inquiry concerning this communication should be 


directed to Richard C. Peet at telephone number 
703-557-5995. 
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The Group and/or Art Unit location of your 
application in the PTO has changed, To aid in corre- 
Lating any papers for this application, all further 
correspondence regarding this application should be 
direated to Group art Unit 185. 

Restriction to one of the following inventions is 
required under 35 U.S.C. 121: 

I. Claims 1~48ana 50-52, drawn to chimeric genes, 
hyprid plasmids containing said genes, cyonobacteria 
containing said plasmids as insecticidal compositions, 
classified in Class 435, subclass 172.3. 

Il. Claim 49, drawn to a method of controlling 
mosquitoes, classified in Class 424, subclass 92. 

The inventions are distinct, each from the other, 
because of the following reasons: 

inventions I and ii are related as product and pro~ 
cess of use. 

The inventions are distinct if either (a) the pro~ 


cess for using the product as claimed can be practiced 
with another and materially different product, OF (2) 


+ 


the product as claimed can be used in a materially dit- 
ferent process of using the product. MPEP 806.05(h). 


In this case, the product as claimed can be used in 
a materially aifferent process such aS a method to pro~ 
duce the 130 kDa peptide in highly purified form. 

Because these inventions are distinct for the 


reasons given above and have acquired a separate status 


in the art as shown by their recognized divergent sub- 
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to under 35 U.S.C. 
provide an adequate 


n and failing to pro~ 


y a novel nicroorya- 
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nism expressing the B+8 gene. In view of the nature of 
the biological material, it is unclear if the written 
description is sufficiently repeatable to avoid the 
need of a deposit. Further, it is unclear if the writ- 
ten description alone is suificient to provide an 
enabling disclosure because it is unknown if the 
starting materials were readily available to the public 
at the time of the invention. 

It appears that deposit of plasmids pMU388, pIBN1U, 
pBIK1188 and pBTI1188 was made in this application as 
filed as noted on page 22 in the specification. [It is 
deemed that deposit of plasmid pRBC4 is also required in 
order to satisfy the enablement requirements of 35 Use 
112, first paragraph. 

In order for a deposit to meet all of the eriteria 
set forth in MPEP 608.01(p)C, applicant or applicant's 
representative may provide assurance of compliance with 
the requirements of 35 UsC 112, first paragraph, in the 
form of a declaration averring that: 

(a) during the pendency of this application, 

access to the invention will be afforded to the 

Commissioner upon request; 

(b) the all restrictions upon the availability 

to the public will be irrevocably removed upon 

granting or the patent; and 

(c) that the deposit will be permanently main— 


tained in public depository for a period of 36 
years or 5 years after the last request or tor 
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the effective life of the patent, whichever is 
longer. 


The specification lacks enablement with regard to 
claims drawn to a chimeric yene capable of being 
expressed in Cyanobacteria, a nybrid vector carrying 
said chimeric gene, a Cyanobacterium transformed with 
said chimeric gene and said vector and qn insecticidal 
composition comprised of an insect controlling amount of 
transformed Cyanobacteriun. No evidence is presented in 
the specification that the DNA constructs are expressed 
in transformed Synechocystis 6803 oF that such transfor- 
mants can be effectively used as an insecticidal conm~ 
position. No evidence is presented in the specification 
that the chimeric gene comprising a promoter operably 
linked to a fusion of a DNA fragment encoding a Bacillus 
insecticidal protein and a DNA fragment such as Reo 
coding for an enzyme capable of serving as a selectable 
matter in cyanobacteria results in the expression ot a 
Fusion protein having these activities. 

Claims 1-48 and 50-52 are rejected under 35 U.S.C. 
112, first paragraph, for the reasons set forth in the 
above objection to the specification. 

Claims 1-48 and 50-51 are rejected under 35 U.S.C. 
112, second paragraph, 45 peing indefinite for failing 
to particularly point out and distinctly claim the sub- 


ject matter which applicant regards as the invention. 
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Claims 1, 16 and 33 are vague and indetinite with 
regard to the organization of the elements comprising 
the claimed chimeric gene. A more clear recitation of 
the apparently intended soncept would be to define how 
the claimed elements are operably linked for effective 
expression. 

Claims 50 and 51 are vague and indefinite in the 
recitation of "transformed Cyanobacteria and their pro-~- 
geny" because it is not clear with what the claimed 
Cyanobacteria are transformed. 

Claim 1 is confusing in the recitation of "a pro~ 
tein having substantial sequence homology thereto,” 
because DNA, not the encoded protein, would exhibit 
homology to the claimed DNA fragment. 

Claims 1-48 and 50-51 are rejected under 35 U.S.C. 
112, first paragraph, as the disclosure is enabling only 
for claims limited in accordance with the as filed spe~ 
cification. See MPEP 706.03{n} and 706,03(z). 

Undue experimentation would be required to practice 
the invention as claimed drawn broadly to any chimeric 
gene capable of being expressed in any Cyanobacterium 
comprising any promoter and a DNA fragment encoding any 
insectici dally active protein produced by a Bacillus 
etrain or said DNA fragment fused to a DNA sequence 


encoding any enzyme capable of being expressed in 
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Cyanobacteria and permitting identification of transfor- 
mants; any hybrid yector carrying said chimeric gene; 
any Cyanobacterium transformed with said chimeric gene 
and an insecticidal composition etfective in controlling 
any insect comprised of an insect controlling amount of 
any transformed cyanobacteria. Undue experimentation 
would be required due to the lack of working examples 
and guidance in the specification, unpredictability in 
the art, breadth of the claims and amount of experimen~ 
tation required Ex parte Forman (230 USPQ 546). 
Experimentation that would be required to practice 
the invention as claimed includes cloning and testing ot 
presumptive promoter sequences, cloning of genes 
encoding insecticidal proteins produced by Bacillus, 
sequencing of said genes and fusing said genes to pro~ 
moter sequences, development of transformation protocolis 
for the Cyanobacteria encompassed by the claims, etc. 
tt is uncertain that any gene encoding an insecticidal 
protein produced by Bacillus will be expressed in any 
Cyanobacterium due to differences in codon usage, insta- 
bility of mRNA oF protein product, lethality of the pro~ 
tein product, etc. It is uncertain that any gene 
encoding an insecticidal protein produced by Bacilius 
will be expressed in any Cyanobacterium at sutficiently 


High levels that the transformed Cyanobacterium can be 
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used as an insecticidal composition. The claims encon- 
pass a DNA fragment ancoding any insecticidally active 
truncated form of the protein or a sequence having 
substantial homology thereto. However, the specirica~ 
tion provides no guidance as to whe to truncate or 
introduce mutations into the diverse DNA fragments 
encompassed by the claim. The claims encompass any DNA 
~ragment ancoding an enzyme which can be used to iden= 
tify Cyanobacteria transformants fused to the DNA 
fragment encoding the insecticidally active protein, 
However, no guidance is provided as to how to fuse the 
many different DNA sequences encompassed by the claimed. 
The hybrid protein may not be active due to improper 
folding of the expressed product, precipitation in vivo; 
etc. 

The following is & quotation of 35 U.S.C. 4103 which 
forms the basis for all obviousness rejections set forth 
in this office action: 

A patent may not be obtained though the invention 
is not identically disclosed or described as set 
forth in section 102 of this title, if the dif- 
ferences between the subject matter sought to be 
patented and the prior art are such that the suD— 
Sect matter as a whole would have peen obvious at 
the time the invention was made to 4 person having 
ordinary skill in the art to which said subject 
matter pertains. patentability shall not be nega~ 
tived py the manner in which the invention was 
made . 

Subject matter developed by another person, which 


qualifies as prior art only under subsection (ff) 
and {g) of section 102 of this title, shall not 
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preclude patentability under this section where the 

subject matter and the claimed invention were, at 

the time the invention was made, owned by the Same 
person or subject to an obligation of assignment to 
the same person. 

Claims 1~6, 16-21, 33-38, 47-48 and 52 are rejected 
under 35 U.5.€. 103 as being unpatentable over 
Dzelzkalns et al (R) in view of Sekar (S) or Sekar et a1 
(T) and Ganesan et ai {(U). 

Dzelzkalns et al teach a chimeric gene capable of 
being expressed in Cyanobacteria composed of a DNA 
fragment comprising a promoter region which is efrective 
for expression of a DNA fragment in Cyanobacteria 
operably linked to the structural gene encoaing 
chloramphenicol acetyl transferase (CAT). Dezelzkains 
et al further teach a hybrid vector carrying said chi- 
meric gene and the cyanobacterium Anacystis transtormed 
with said chimeric gene. 

The chimeric gene, vector and transformed host of 
Dzelzkalns et al differ form that claimed in the instant 
application in that applicants claim a chimeric gene in 
which the structural gene encodes a protein which is 
produced by Bacillus thuringiensis, B.t var israelensis, 
or B. Sphaericus. However, Sekar or Sekar et ai and 
Ganesan et al teach genes encoding insecticidally active 
proteins produced by Bacillus. Thus, in the absence of 


unexpected results, it would have been obvious to one of 
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ordinary skill in the art at the time the invention was 
madie to substitute the gene(s) taught by the secondary 
references for the CAT structural gene of the constructs 
of Dzelzkalns et al in order to obtain expression of 
these Bacilius genes in transformed eyanobacteria. 
Accordingly, the invention as a whole was prima facie 
obvious in the absence of unexpected results. 

Claims 7, 22 and 39 rejected under 35 U.S.C, 103 as 
being unpatentable over Dzelzkalns et al (R) 1M vie of 
Sekar (S) or Sekar et al (T) and Ganesqn et al (U) as 
applied to claims 1-6, 16-21, 33-38, 47~48 and 52 above, 
and further in view of Friedberg et al (as admitted in 
specification, page 18, Lines 18-21) or Miller et al 
(sh. 

Friedberg et al teach that the lambda Py, promoter 
induces expression in cyanobacteria. Accordingly, it 
would have been obvious to one of ordinary skill at the 
time the invention was made to substitute the Py, pro~ 
moter for the functionally equivalent promoter taught by 
Dzelzkains et al in order to obtain expression of the 
Bacillus gene encoding insecticidally active proteins in 
transformed cyanobacteria. 

Claims 8-9, 23-24 and 40-42 rejected under 35 
U.8.C. 103 as being unpatentable over Dzelzkains et al 


(R) in view of Sekar (S$) or Sekar et al (T} and Ganes@n 
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et al {U) as applied to claims 1-6, 16-21, 33-38, 47~48 
and 52 above, and further in view of Nierzwicki-Bauver et 
a2 ({(R') and Nierzwicki~Bauer et al (S'). 

Niergwicki-Bauer et al (R' and S') teach the 
rubisco operon of Anabaena including the nucleotide 
sequence of its promoter. Accordingly, it would have 
been obvious to one of ordinary skill in the art at the 
time the invention was made to substitute the DNA 
sequence from the Anabaena rubisco operon comprising its 
promoter, or the equivalent sequence cloned by DNA 
hybridization from the closely related Synechocystis 
using methods well known in the art at the time the 
invention was made, for the functionally equivalent pro- 
moter taught by Dzelzkalns et al. nm order to obtain 
expression of the Bacillus genes encoding insecticidally 
active proteins in transformed cyanobacteria. 

Claims 10-14, 25-29 and 42-46 are rejected uncer 35 
U.S.C. 103 as being unpatentable over Dzelzkalns et al 
(R)} in view of Sekar (S) or Sekar et al (T) and Ganesan 
ef al (U) as applied to claims 1-6, 16-21, 33-38, 47-48 
and 52 above, and further in view ot Chauvat et al (T°) 
and Reiss et al ({U'). 

Chauvat et al teach that the gene encoding neomycin 
phosphotransferase (neo) can be used as a Selectable 


maker in Synechocystis transformations. Reiss et al 
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teach that proper fusion of neo to a heterologous gene 
will result in a fusion protein product that has Neo 
activity. Accordingly, in the absence of unexpected 
results, at the time the invention was made, it would 
have been obvious to one of ordinary skill in the art to 
fuse the Bacillus genes encoding the insecticidal pro- 
tein to the neo gene in order to obtain a fusion protein 
which serves as a selectable marker in cyanobacteria and 
has insecticidal activity. 

Claims 30-32 rejected under 35 U.S.C. 103 as being 
unpatentable over Dzelzkalns et al (R) in view of Sekar 
(S} or Sekar et al {T) and Ganesgn et al (U)} as applied 
to claims 1-6, 16-21, 33-38, 47-48 and 52 above, and 
further in view of Kolowsky et al (R’'). 

Kolowsky et al teach plasmid constructions designed 
for the transformation of Synechoccus by homologous 


recombination. The plasmids contain a bacterial repi2- 


hosts. The plasmids carry a chromosomic fragment of 
cyanobacterial DNA within which is placed a foreign DNA 
sequence, The foreign DNA sequence is made resident on 
the cyanobacterial chromosome by a homoloyous recon— 
bination event. Accordingly, it would have been obvious 
to one of ordinary skill at the time the invention was 


made to place the chimeric gene within a cyanobacterial 
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chromosomal DNA sequence in order to introduce said gene 
into the cyanobacterial chromosome by a homologous 
recombination event, 

Claims 50-51 rejected under 35 U.S.C, 103 as being 
unpatentable over Dzelzkains et al (R) in view of Sekar 
(S$) or Sekar et al {T} and Ganeson et al (U) a5 applied 
to claims 1-6, 16-21, 33-38, 47-48 and 52 above, and 
further in view of Barnes et al (A). 

Branes et al teach use of cellular hosts as a pesti- 
cidal composition. A heterologous gene encoding a 
Bacillus insecticidal protein is introduced into a 
cellLular host where said, is expressed and within which 
said protein accumulates. The recombinant host cells 
are then used as a pesticidal composition. Accordingly, 
it would have been obvious to one of ordinary skili at 
the time the invention was Isade to use the transformed 
cyanobacterial cells in which the Bacillus insecticidal 
protein had accumulated, as a pesticidal composition as 
taught by Barnes et al. 

Applicants are requested to make it of record as to 
whether the Ph.D. thesis of Chanun Angsuthanasombat 
(page 22) is prior art to the claimed invention of the 
instant application. 

Any inquiry concerning this communication should be 


directed to Richard C. Peet at telephone number 
703-557-5995. 
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